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This report is available in two volumes. Volume I describes an on- 
line job matching experiment in Boulder, Colorado, which collected 
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by an on-line system versus othe/r means. Volume II describes the 
simulation of computerized job matching modeled aft6r the activity 
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CHAPTER ONE 
INTRODUCTION w 

v. * 
The manager of an Employment Service office has two reasons 

to be concerned with efficiency**^ 

1) He operate? on a fixed budget and cannot Increase 
services unless he increases productivity, 

2) He provides vitaj* services to. large numbers of the 
American f public and should be concerned with getting 
the most out of^&ach tatf^blLlar spent • * * 

Efficient resource utilization is any manager's prinjdry concern, * 
and he has two basic resources with which to worlcr people and^ttachines. 

. Ta determine the most efficient use of these resources, he has 

* 1 F 
to be aware of several factors. These factors include the functions 

>i * * 

of all office staff; the activities through which applicants il<nr~ 

mally proceed; the processes used by applicants who bypass normal * 

" * • 

procedures; and the use of machines, i.e., who uses which machine, 

* * *■ « 

when, and for what purpose* * # o 

When he has identified these factors, the manager should iden-* 

tify the relationships ^between them and ask himself what consequences 

reallocating his resources might have. * s 

1) How would reducing the nunber of receptionists from two 
t 

to one affect the length of time the average applicant 
waited in line for initial processing? c * 

2) How much interview time would be saved through the in- 
troduction of another terminal or microf iche reader? 



3) If one interviewer ^ere transferred from serving rion- 
veterans to serving veterans only, how would that 
affect the average time a non-Veteran touat wait to see 
an interviewer? 

4) By how much would an extra terminal decrease the time 
interviewers must wait for a terminal? 
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f 5j At what tine must the .frpnt doors be^ closed to ensure 
* \ that .everyone In line Is 'served by 5:00 p. a.? * * -< 

Obviously, any resource,. allocation 'decision will have numerous 
^ffects on staff and on services provided; and certainly ^ It Is 
losslble for a^nanajger to sit down and diagram all of these Interrela- 
tionships and work out most of the consequences of changes In 
staff or machine utilisation mathematically. It would be' a laborious 
and time-consuming task, a task which the manager Is unMfcl y to have 
time to perform. Instead, he raay'be forced to make an*!(Pl|||l J~ 
guess, a seat-of-the-pants decision .baaed on limited Information and 
made without knowing what the fuli, Impact of the decision will be until 
well after it has been implemented. 

Two modeling techniques^ used in management science can he^p the 
manager make more informed decisions: queuing theory and simulation. 
Both techniques begin with a model. A model is a description of the 
dynamic process underlying the behavior of an individual or system^ 1 

queuing theory is the study of waiting -line^ phenomena. It 
uses applied probability models and predicts' behavior by solving 
mathematical equations. Employment Service offices are too complex 
for the application of queuing theory to be .practical. 

Simulation is a* method of evaluation in which one course of 
action is examined In terms of Its probable Implications fo**the 
system under study. 2 Because of the high speed of computers, a num- * 
ber of local office activities can be "acted out" in a short time 
In Order to simulate the effects of decisions. 

Modeling and simulation can enable^ the manager to perform a 
detailed study and analysis with a reasonable expenditure of time 
and effort. He can look at a substantial number, if not all, of « 
the parameters of the problem and try out various resource allo- 
cation decisions to see their effects before they are implemented. 




2 Tf ■ — ■" — ■ — — - — _ 

R.M. Cyert, "A Description and Evaluation of Some Firm Simulations," / 
Proceedings. IBM Sc ientific Computing Symposium. Simulation Mo dels ' 
and Gaming . White Plains, New York.: IBM, 1966 
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Two basic models are necessary: descriptive and simulation* 
The descriptive model indicates the placement activities of an 
Employment Service local office, the priorities placed on these ac- 
tivities, and the relationships between them. Such a descriptive 
mod&l would be useful to a manager by itself, as it describes the 
primary factors in his resource allocation problems. Even if he 
chose to make decisions baaed on his own calculations, it would 
clarify the factors under consideration* 

The simulation model adds statistics-gathering functions t o^ the 
descriptive model to monitor the behavior of the model system* Cer- 
tain variables may be eliminated from the simulation and certain 
assumptions, built" into it to keep it inexpensive and manageable* 

This simulation model represents the behavior of an Employment 
Service local office during an entire day of operation, in accordance 
with well-defined parameters established in the descriptive model* 
A simulation using this model can run through a nunber of days, or 
weeks, of activity, generating information and statistics on average 
waiting times of applicants at various stages and on the time staff 
menbers spend at various functions. 

By changing one of more of the factors in the model — the num- 
ber of interviewers, the number of terminals, or the average amount 
of time the office is willing to devote to an interview ~ the mana- 
ger can see the effect of changes on other factors, such as the aver- 
age time an applicant must wait to see an interviewer or the number 
of people who will be left in line when the office closes* The man- 
ager is then in a position to make a more informed choice between al- 
ternative resource allocations. 

/ This report is organized into six chapters and two appendixes. 
Chapter 2 describes the functions and flows o£ the local Employ- 
ment Service office being modeled. Chapter 3 describes the nature 
and assumptions of the simulation model; a nontechnical reader may 
wish to skip this chapter* Chapter 4 describes how such a model 
can be used. Chapter 5 describes a time study carried out to 
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obtain ''data for the simulation** Chapter 6 makes recotimiendatipns and 

draws conclusions. Appendix A is an example simulation output. 

Appendix B discusses some problems in random number generation. 
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CHAPTER TWO 
THE DESCRIPTIVE MODEL 

« 

Assumptions 

The descriptive model reduces the Employment Service office to 
a sferies of activities • Assumptions are made about the operation of 
the office; they reduce reality to a series of flows* 

The first assumption is that there are three activities in the 
local office: 

1) Taking job orders. 

2) Processing applicants. m # fa! 

3) Miscellaneous (meas^ed in one minutB intervals) . 

The second assumption is. that these activities are listed in or- 
der of priority, i.e., activity one is performed before two; and 
activity two, before three. -When an employment officer finishes one 
task, he turns to the highest priority^l^S^t hand. However, the 
fact that taking job orders is the highest priority activity ddfes not 
mean that the employment officer will drop p lower-priority task to 
take one. He will complete the task on which he is working first. 

Unemployment Insurance functions of the Ipcal office are ig- 
nored. The model contains placement? functions only. The office being 
described is similar to the Salt Lake City local office, but the 
model can be modified to represent different local offices. (See 
chapter 6 for a discussion 'of the modeling and simulation of the 
widest possible range of office type?.) In order to suggest a wider 
applicability of the model to other offices and to simplify the 
model -for exposition, some activities of the Salt Lake office are 
not represented. In addition, a model must simplify some local 
office functions in order ta 4eriv§ meaningful results, about other 
functions. 



Job Orders 

When a job order call comes into the office, the first avSrf- 
able employment officer takes the call. 
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'Job Order Parameters • 

** • ° 

1) Number of job orders 'received each day (which probably 

* 

varies for time of day, day. of the week, time of the 
month, and month of the year) . 

2) Average length of time taken to handle a job order , 
call. \ 4 

The Interview Process • -. - 

The standard procedure an applicant goes through when arriv- 
ing foi^an interview follows* ^ -)'".. 

1) The applicant arrives land waits in line to see the re- 
^ ceptionist. 

2) W}ien he reaches, the head of the line, the receptionist 
asks him if he has beeu registered at the placement center 

3) If the answer is yes , the receptionist asks the appli- 
\ t cant f s Social Security number, goes to a teriftiiuPl and 

enters the number to make sure a v^ilid registration 
exists. « / 

3a) If the answer is no , the receptionist gives the new 
applicant a form; he takes the form to another [car- 
ousel]- room, fills it out, and returns* 

The carousel i;oom has an automatic carousel slide/tape re corder 
presentation, which is use£ to guide applicants in filling out 
the application card. 
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4) At this point, some* of the oia applicants may check . 

jobs posted* on the Job Information Service (JIS) 

boards, where jobs are organized by occupational groups. 

- *. • v. 

Taeri the applicants return to the front desk. 

5) The receptionist enters the applicant's name on the 
waitinglist for interviews. 

6) When the applicant's name reaches the top of the list, 

i ' 
he is called for the interview. 

7) The applicant is interviewed. 

8) The interviewer goes to the terminal and waits 
to use it. 

9) The interviewer reports the results of the terminal job 
^ search to the applicant. 

Int ervi ew Parame ters 

* 1) Average length of time it takes a receptionist to go 

to a terminal and perform a registration check, exclud- 
ing waiting time for terminal* 

2) Arrival rate of applicants* and ratio of new applicants 

* * 

to old. 

3) * Average length of time to fill out^new applicant forms. 

4) Number of persons in each type of staff position during 
each hour of the day. 

5) Average length of time # an applicant spends using job 
display facilities. 

6) Average length of time the receptionist spends with an 
applicant. 

7) Average length of interviews. 

8) Length of time required to perform a computer-aided 
job search, exluding waiting time for terminal. 
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FIGURE 2. STANDARD PROCESS. 

* 

Th€j/ Non^Standard^Process 

Of course, some applicants by-pass the standard process, particu- 
larly those who have been through the interviewing* process before, and 
may either check the job board and then proceed through the standard 
process or check the board and, finding nothing of interest, lfcave. 

Non-S tandar d Parameters 

• 1) Percentage of non-stajidard applicants. 
i) Length of time spent at job boards. 
Superimposing the non-standard process ott the standard 
process above, the fallowing, more coyiplete process emerges. 
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FIGURE 3. MORE COMPLETE PROCESS. 



elaxed, would extend 



...r 



Assumptions /Extensions 

\ — ^^is-^del-ii^s-jten y ass u m ptions*^ 
the model to describe^" different -offices. Soma of the more common office 
variations which could bk included are noted here. 

There is no clustering in this model. It assumes that all em- 
ployment officers provide the same services to ill appli- 
cants. No preference is given to Veterans or minority group members 
in terms of ^waiting for services, nor does it distinguish between 
applicants by occupation. It assumes that any person who comes to 
the receptionist 1 8 desk wishes some ^ervice(s) from the placement 
center (the receptionist does not handle Unemployment Insurance 

t * i 

claimants) • r / 

There is no clustering of terminals. If no terminals are 
free, all receptionists, and einployment officers who need to use a 
terminal stand in the same, single queue waiting for. the first avail- 
able terminal. 

* > 

Miscellaneous Work 

Miscellaneous work is measured in 1 minute intervals and is 
assumed to occupy staff members when they are not performing high- 
er*priority jobs. Filling out reports is an example of miscellaneous 
work. 



CHAPTER THREE 

r 

THE SIMULATION OF THE DESCRIPTIVE MODEL 

The simulation is based on a mathematical model conforming to the 
rules set out in the descriptive model* Following these rules, the 
simulation "steps through" a day at the local office, i.e., applicants 
are-interviewed, job orders are taken, etc. During the course 
of thte simulation, statistics on system behavior — number of people 
waiting to be interviewed, average length of an interview, staff 
utilization, etc.,,— are gathered and used to generate the reports de- 
scribing system behavior. Data are generated in the model for each 

9'- 

hour i*i a given day. 

"4" * 

** . 

Job Orders 

Taking job orders is the employment officer's highest priority 
activity. When a job, order call comes in, it is placed last on 
the job order "queue". The first employment officer to complete 
his current task takes the first call on the job order queue. The 
time required to handle the call is simulated by a uniformly dis- 
tributed random variable whose mean and standard deviation are stipu- 
lated by the user of the simulation to reflect the length .of job 
order calls in his office* 

When the simulation begins, one job order is waiting to be 
handled. v 

The Interview Process . 

The interview process is diagrammed in Figure 4. When the simu- 
lated day begins, there are five old applicants and three new appli- 
cants waiting ?or the door to be opened. "Old" applicants are de- 
fined as applicants who have previously been interviewed and there-:, 
fore have an active registration on file. The interarrival times for 
both old and new applicants are exponentially distributed. Both 
means are supplied by the user and, like all- cither input parameters, 
can be independently specified for each hour of the working day. 

10 
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Twenty-three percent of tfie^old applicants go iwmediately to 
the job display area without stopping at the receptionist 1 * desk. 
The simulation treats the job display area as a service facility 
With a limited capacity; but since the descriptive model represents 
the job display area as a bulletin board, the capacity chosen was 
large enough to be effectively unlimited* On the other hand, 
a^jk>b display system using microfiche could be simulated simply by 
set\ing that capacity to the number of microfiche readers available 
to applicants. Applicants who go directly to the job display area 
and are unsuccessful in their job search leave the office and do not 
require any additional resources. The time they spend at the boards 
is uniformly distributed with mean and standard deviation specified 
by the user. When this time has elapsed, they exit the system. 

The remaining 77 y percent of the old applicants go to the recep- 
tionist's desk. When each reaches the head of the line, he gives the 
receptionist his Social Security number and his name. The time for 
this interaction, exclusive of any waiting time, is an exponent- 
ially distributed random variable with the mean stipulated by the 
user. The receptionist then goes to an available terminal and enters 
the applicants Social Security number to check for a valid regis- 
tration. The time required for this check is a uniformly distribu- 
ted random variable with mean and standard deviation specified 

* 

by the user. After their registration has been checked, most old 
applicants go immediately to the interview waiting area. 

Some (14.5, percent) go to the job display area. JThe length 
of time they spend at the boards is uniformly distributed with the 
mean and standard deviation set by the user. 

When they finish at the boards, they return to check in at the 
receptionist's de*k. They are placed on the end of the interview 
list and proceed to the interview waiting drea. 

All new applicants go the receptionist's desk immediately on 
entering the office. The time necessary for their interactions with 
the receptionist is exponentially distributed with the same mean as 

^ Data was estimated from a time study conducted at the Salt Lake 
City placement center. 
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the interactions of Old applicant*. They are then routed to a sepa- 
rate area, possibly a carousel room, where they fill out J:he appli- 
cant characteristics forma. Twenty minutes later, they return to the 
front desk to be placed on the interview list and join the^other 
applicants waiting to be interviewed. 

When an interviewer completes his current task, he begins inter- 
viewing the applicant at the top of the interview list, assuming there 

is an applicant waiting and no job order calls are waiting. The time 

♦ 

required for their discussion is taken from a user-described uniform 
distribution. 

After the discussion, the employment officer gets in line (if 
any) to use a terminal. When a terminal is free, he performs an 
- on-line, computer-aided job search* The time required for the job 
search is taken from a ^user-described uniform distribution. : *?he re- 
sults are given to the applicant, and he exits the system* 

Miscellaneous Tasks 

Miscellaneous includes all other free time. It is performed by 
. employment officers when there are no job orders to process or appli- 



cants to interview. In the simulation, miscellaneous taskfc are divided 
into one minute intervals. The time required for a task is taken 
from a uniform distribution described by the user* If actual low- ^ 
priority tasks exist, the times requited to perform them could be 
specified In this distribution* 

Deriving the Simulation Input 

The method the user chooses to determine these parameters and, 
coniequently, the cost of obtaining their values, will depmd largely 
cm the purpose for which the simulation is to be used. Sqfipose the 
manager simply wanted to get a better under standing^f^the \(ay the 
office night function if some minor change* were made. In such a 
case, he would not need a high degree of accuracy from the simulation 
and would not need to painstakingly determine the input parameters . 
It might be sufficient for him to estimate their values frem his own 
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experience. 

When * high degree of accuracy is needed; e.g., if the simulation 
is being used to develop budget estimates* a time study may be nec- 
essary. A detailed descriptive model of the proposed office configu- 
ration should be developed prier-to conducting the time study, which 
can then be designed to gather the data necessary to both estimate 
the model's input parameters and validate the proposed model. The 
time study might collect sample values of the time required to per- 
form an interview, for example,. Several models might be proposed 
initially and data from a time study used to determine vhich 
model most closely represents the office. For example, one model 
might assume that the length of time required for an interview depends m 
on the applicant*? occupation and a second model would not con- 
tain that assumption. Data from a time study could be used to test 
that asa^bption statistically. (An example of fuch a test appears 
in Chapter -5 *) 

In some pases, it 'is not possible to aclxieve the level of 
ac6uracy afforded by the time study. . If the proposed office con-, 
figuration is sufficiently different froij the present office con- 
figuration, a time study may not be possible . Such would be the case 
if a totally new technique were used in the office, e.g., if 
computer-aided job searches were being used for the first titfe in any 
office. In such cases, the manager would have to use the best pre- 
dictive technique available, knowing that the accuracy of the simu- 
lation is limited by the 'accuracy^of the predictive technique 
used to estimate the input parameters. 

Methods used to determine input parameters vary in terms of accuracy 
add cost. The maftfger will have to decide what degree of accuracy is 
required and how much effort he is willing to expend to get it. 

> 

Simulation Reports 

After the simulation has "stepped through' 1 a local office day, 
statistics are available for report generation. The following 
reports can be requested: 



21 



Input Report , * *~ 
Applicant Report 
Receptionist Facility kepctft 
Receptionist Queue Report 
Employment Office Facility Report 
Interview Queue Report 
Terminal Facility Report 
Terminal Queue Report 
Job Order Queue Report 

Input Report 

The Input Report prints the input parameters supplied by the 
user for the currert#* simulation run. This report includes the para- 
meters (in minutes) for the statistical distributions previously 
discussed and the staff level. This report appears in Table 1. 
The letters in square brackets indicate references to various 
sections of the displayed report. 

To determine arrival rates of new and old applicants in the 
simulation, the user specifies the mean (average) time between two 
consecutive arrivals. Since the interarrlval times of applicants 
are exponentially distributed, only the mean time need be specified 
for each hour of the day and each applicant type. The job order in- 
terarrlval times are uniformly distributed over the interval spec- 
ified by the user [A}. 

The length of time required to perform various activities in 
the simulation are also taken from distributions whose parameters 
are supplied by the user. The amount of time required for 
the receptionist to question an applicant [B] is taken from an expo- 
nential distribution J the mean time is the only parameter supplied by 
the user. Times for the remaining activities are uniformly distributed 

over internals supplied by the user* In order of their 

appearance* in the Input Report, these activities are: 

1) The applicants interview with an employment officer 



1) 
2) 
3) 
4) 
5) 
6) 
7) 
8) 
9) 



2) The search of the job boards by an applicant who will 
stay to be interviewed [D] . 

3) The search" of the job boards by an applicant who will 
leave immediately after scanning the boards without 
ever going to the receptionist* s desk [E] • 

4) The computer-aid^ registration check performed by the 
receptionist « 

5) The computer-aided job search performed by the employ- 
ment officer [G]. 

6) The handling of a job order call by an employment 
officer [H]» 

7) The miscellaneous task that occupies the employment 
officer's slack time [*]. 

The last item in the Input Report shows the number of reception- 
ists and employment officers working each hour and the number of 
computer terminals available to them WJ* 
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Applicant Report 

Tije Applicant Report provides information about the flow of 
applicants into the system, the number of applicants in the system 
during a given period of time, and the amount of time each applicant 
spends in the system. This report appears in Table 2. 

♦There are two time breakdowns in^ the report: hourly and full- 
day summations, for each hour, the report gives two types of sta- 
tistics: the number of applicants in the system and the amount of 
time applicants spent in the system. The former gives the number of 
applicants entering [A3 and leaving [E] during an hour with separate 
figures on old and new applicants, and the minimum [B], maximum [C], 
and average [D]. numbers of applicants in the system during the hour. 
The "applicant time spent in system" section shows the minimum [F] and 
maximum [G] amount of time spent in the system by applicants "who wait 
during the hour. The mean [H] and standard deviation [I] can be 
read together! the average amount of time spent in the system - the 
standard deviation gives the range of times for the majority of, 
applicants rT?KT ; 1£uI*-'aay statistics provide^ the same statistical 

breakdowns for the entire day. 
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TABLE 2. APPLICANTS 
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The Receptionist Facility Report provides statistics for the 
receptionists 1 functions* Again, there are two time breakdowns in 
• the report: hour and full day* The staff level for each hour is 
■ generated pforn the input provided* The average staff utilization 
\ figure [A] ranges from 0.0 (idle) to 1*0 (always busy) . - The number 

of applicants served [B] gives the average number of applicants being 
served at any one time, the maximum number being served at any 
one time [C] > an d t he tot a l number of ap plicants served during t hat 
hour [D]* Statistics are also provided for the average amount of 
time taken by each transaction dnc applicant /receptionist activity 
[E], "and the standard deviation [F]\ The full-day -summation provides 
the same statistics and also includes the number of 8-hour man- 
days worked during the 9-hour day. Jhis report appears in Table 3. 
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Receptionist Queue Report 

The Receptionist Queue Contents Report gives information about 
the applicants yraiting in line to see a receptionist. Thfe report in- 
dicates the number of applicants who have entered the line during 
that hour [A}, the minimum [B] * maximum [C]* and average number of 
persons in the line during the hour [D], and the number of persons 
in the line at the close of the hour [E], 

The Queue Waiting Time Report gives information about the length 
of time-app±icants^«pend in line. In includes tfie~mlnimum (non-zero) 
[F], and maximum waits [I], the number [G] and percentage o$ applicants 
who did not have to wait [H], and the tnean and standard deviation 
times, with [J,K] arid without [L*M] zero-length waits, i.e* including 
and excluding timis for applicants who did. not have to wait. These 
reports appear in Table 4* 
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Employment Officer Facility Report 

The Employment Officer Facility Report provides, information 
about the employment officers 1 functions. Their dutief re broken 
down into tt\fcie broad categories: interviewing, handling j°b orders, 
and doing miscellaneous work, - The interviewing function is^further 
broken down into three component parts: the discussion period with 
the applicant, the waiting period for the use of a terminal (if any), 
and the amount of time actually spent interacting with the computer 
s y st e m. Again, the information is g lve n^t^^irtoui^y^oTiir1?iregk^ 
downs and in full-day summations, with An additional hourly subtotal 
of staff utilisation* The r^ort shows the staff levels [A] for 
each hour and the average staff utilization at each activity [B]. 
The average number of transactions occurring at any time during the 
hour [C], the maximum number going on at any one time during the 
hour [D] , and the total number of transactions taking place -during 
the l\our [E] are also provided again broken down by activity. 
In addition, the average time per transaction [F] in minutes and 
the standard deviation [G] from the average are given* Entire^day 
summations ate provided and include the number of 8-hour ' 
man-days worked that day {A]. (The simulation wag tun for a 9- 
hour day V) This report is displayed in Table 5. 
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TABLE 5. EMPLOYMENT OFFICER FACILITY REPORT 



mhothiw dfrrcn 

FACILITT 



[A] [B] [Cl [D] [E] [F] [G] 

St ATT AYC STAFF WO. OF TRANSACTION TINE PER TRAWSACTIOB *" 

TIHl LEYEL ICTIflTr DTI LI ZATIOH ATG MAX TOTAL BEAM STD DIT 

— 15 mTERTIEW 0. 7 W 10. 6*7 5 0 1 0r95i 5v9?3 ~ 

Discission 0.560 8*397 15 56 8.828 5.636 

TERH WAIT 0.071 *1.059 7 36 1.427 0.940 

* - ~ £0_HP0TER 0.083 1.241 2 50 1.484 0.584 

* JOB OB DEI 0.014 0.209 1 6 2.094 1.257 

HISC. 0.273 4.093 1£, 244 . 1.000 0.0 
HI SUB-TOTAL 1.000 4 * 

f-10 



10-11 



11-12 



12- 1 



ERLC 
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15 


IHTERYIEff 


0.879 


13.188 


15 


62 


12*145 


*.279 




DISCUSSIOI 


0.6*5 


10.131 


15 


59 


8.915 


5.945 




TERH WAIT 


0.101 


1.521 


6 


55*> 


1.800 


1 .325 




COMPUTER 


0.102 


1.537 


2 


62 * 


* .1.456 


0.624 




JOB OB DEB 


0.014 


0,205 


1 


7 


1.754 


1.199 




HISC. 


0.107 


1.607 


7 


98 


1.000 


0.0 




BB SOB-TOTAL 


1.000 












15 


IWTER TIEW 


^0.977 


14.659 


15 


73 


12.222 


5.703 




DISCUSS I OB 


4 0.668 


10.025 


14 


72 


8.319 


5.851 




TEBH WAIT 


0.202 


3.03S* 


6 


72 


% 2.575 


0.999 




COMPUTER 


0.107 


1.599 


2 


73 


1*337 


0.604 




JOB OB DEB 


0.013 


0.191 


1 


8 


1.431 


1.085 




HISC. 


0.010 


0.150 


2 


9 


1.000 


0.0 




BR SUB-TOTAL 


1.000 










15 


IWTEF VIEW 


0.936 


14.783 


15 


64 


13.828 


6.012 




Discussion 


0.680 


10.200 


14 


66 


9.661 


5.775 




TBRH WAIT 


0.196 


2.934 


7 


63 


2.762 


1.213 




COHPUTBR 


0.110 


1.649 


2 


64 


1.542 


0.579 




JOB ORDER 


0.014 


0.217 


1 


5 


2.606 


0.719 




HISC. 


0.0 


0.0 


0 


0 


- 0.0 


0.0 




BR SUB-TOTAL 


1.000 












15 


IWTER TIEW 


0.986 


14.795 


15 


62 


14.280 


5.825 




DISCOSSIOW 


0.724 


10.858 


15 


62 


10.753 


5.543 




TERM WAIT 


0.154 


2.315 


5 


59 


2.3^0 


0.968 




COHPUtBK 


0.108 


1.622 


2 


62 


1.565 


0.605 




JOB ORDER 


0.014 


0.205 


1 


6 


2.046 


1*407 




HISC. 


0.0 


0.0 


0 


0 


0.0 


0.0 




BR SOB-TOTAL 


1.000 













TABLE 5. Continued 



• Kmc tut it orricii 

FACILITY 



[A] 



IB] 



[C] [Dj [E] 



[G] 



STAFF 
tlNt LEVEL 

1- 2 15 



a- 3 15 



3- II 15 



ACTIYITT 



IfC STAFF 
UTILIZATION 



HO. OF TRAR5ACTXOR, 



ATG 



MAX TOTAL 



TIM PER TRAHSACTlOR 
BEAR STD DBV 



4- 5 15 



IRTERTTER 


0* 986 


14.821 


15 


63 


14.434 


5.029 


discossior 


0,727 


10,908 


14 


62 


10.386 


4.710 


terb waxi 


0.151 


2,267 


6 


63 


2. 201 


1*165 


COBP&TBR 


0.110 


1.6*5 


2 


63 


1.578 


0.495 


JOB ORDER 


0.012 


0.179 


1 


6* 


1.794 


1.246 


RISC. 


0.0 


0*0 


0 o 


0 


0.0 


0.0 


19 SOB-TOTAL 


1 .000 














0.987 


14.809 


15 


66 


^"VHKJ.041 


5.560 


Discussion 


0.670 


10.0*9 


14 


69 


8.761 


5.513 


TIRB WAIt 


0.211, 


3.167 


8 


67 


2.817 


1.060 


COMPUTER 


0.106 


1,593 


2 


66 


1.427 


0.571 


JOB ORDER 


0.013 


0.191 


2 


5 


2.296 


1.501 


RISC • 


0.0 


0.0 


0 


0 


0.0 


0.0 


Hi SUB-TOTAL 


1.000 












IBTZKYIEB 


0,966 


14.793 


15 


61 


14. 960 


5*953 


BISCUSSI01I 


0.719 


10.781 


15 


55 


10.964 


5.731 


TERB WAIT 


0*159 


2.385 


7 


56 


2.613 


1.592 


cob punt 


0*108 


1.627 


2 


61 


1*628 


0.605 


JOB ORDER 


o.ou 


0.207 


1 


5 


2.461 


0.612 


RISC • 


0*0 


0.0 


0 


0 


0.0 


0.0 


SUB-TOTAL 


1.000 












IRTER VIEW 


0.987 


14.805 


♦15 


65 


13. 673 


5.624 


DISCUSS ICR 


0.777 


* 11.657 


15 


66 


10. 737 


5*663 


TERB RAIT 


0.091 


1.36* 


5 


54 


1.509 


6.620 


COBPOTER 


0.119 


1.764 


2 


65 


1.627 


0.592 


JOB ORDER ; 


0.013 


0.19S 


U 


10 


1.168 


1.137 


RISC • 


0.0 


0.0 


0 


0 


0.0 


0.0 


BR SUB-TOTAL 


1.000 













8-5 


IRTERYIEW 


0.943 


14*150 


15 


566 


13,314 


5.849 


8-5 


DXSCUSSIOB 


0*669 


* 10.334 


15 


569 


9.675 


5.652 


8-5 


TERB RAIT 


0.148 


2.227 


6 


525 


2.29/0 


1.233 


8-5 


COBPUTBR 


0.106 


1*589 


2 


566 


1.513 


0.569 


6-5 


JOB ORDER 


0.013 


0.200 


2 


56 


1 . 66 1 


1.187 


8-5 


RISC. 


0.043 


0.650 


15 


351 


1.000 


0.001 


6-5 


16.87* - — TOTAL-— 

•> 


1.000 














* - 1TERAGB STAFF 


LET EL IS 


IR 8- HOUR 


BAB 


DATS 
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Taterview Queue Report 

The Interview Queue Report consists of two parts. 

The Contents Report indicates, by hour and for a full-day summary 
the number of applicants entering the line to see an interviewer dur- 
ing each hour [A]. It also gives the average [D], minimum [B], and 
maximum [C] number of persons in the line during the hour* and the 
number of persons in the line at the end of the hour [E] ♦ 

The Queue Waiting Times Report shows the length of time appli- ' 
cants waited to see an interviewer. It includes the minimum [F] (non- 
zero) and maximum times waited fl] , the number [G] and percent [H] of 
applicants who did not have to wait, and the mean and standard dev- 
iation times, both including [J.K] and exluding [L,M] zerd^length 
waits. See Table 6 for these reports. 
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TABLE 6. INTERVIEWER QUEUE 



« I* Til Til* QOEOI - 

[A] [B] fCl fDj [E] 

-**— OOiOI COHTMtS — — 

TIM MTRXfeS iWtltt* Bill RAX AflftACE NOV 

8- 9 60 60 0 3 0.446 0 

9- 10 67 67 0 13 1*668 9 
10*11 73 73 0 * 14 5.065 13 
11-12 64 6* 11 34 23.729 29 
13* 1 6 2 62 29 . 6» 5 J hr385 6? 



1" 2 63 63 53 63 58.771 53 

2- 3 66 66 51 68 59.556 63 

3- 4 61 61 59 73 65.926 66 
8- 5 65 65 28 67 51.593 28 

6-5 561 581 0 73 35.3*0 

tVTRXBS* XNCLODBS OltY 80W-I1IO QOEOI TIKIS 



in W [hj m tj] [k] w [mi 

*•* Q0801 ■ Alt MO TXMIt 

! %2 2" 221 2 °*° 3 « 172 O^ 1 ** 0.567 0.446 0.567 

1? ?! 2 S'S 5 *S 51 °* 873 1 ' 316 0.87S 1 316 

10-11 0.151 0 0.0 9.961 4.032 2.836 1.082 2.836 

U* 1 ? »V?A 2 2*° 30 * 572 17 « 209 6 -523 17.269 6 523 

?" I IVMt 2 0,0 ,3 * 3B1 31 ' 528 31-528 6.138 

?! \ I i'i 84.778 54.679 5.173 54.679 S.l"! 

I" m 22* 121 2 2*° 60 • 2I ' 2 53 » 90tt '♦•"S 9 53.904 4.469 

4- 5 57* 630 2 2*2 S"22S 3 ' 385 57 «365 3.385 

4- 5 57.630 0 0.0 67.295 63.125 2.482 63.125 j?,482 

8-5 0.001 0 0.0 67,295 31.078 25.316 31.078 -25.316 

8**8* *8D STD DBf* ARE FOI ROM-ZZRO TIMES OHtt 
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Terminal Facility Report ~~ 

The Terminal Facility Report provides information about the 
utilization of the computer terminals. Information fs given in an 
hour-by-hout breakdown and in full-day summation; the report shows 
the number of terminal units present and the average length of time* 
they are in use during each hour [A] with further bfceakdowns of util- 
ization by employment officers and receptionists. It provides the 
average [B] and maximum [C] numbers of transactions occurring at 
any one tim e during the hour and the total number of transactions 
[B] takixig place during the hour. In addition, the minimum [E] , 
maximum [F]» mean [G]> and standard deviation [H] are shown in 
minuses for the amount of time per transaction. This report appears 
in Table 7. 
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TABLE 7. TERMINAL FACILITY REPORT 



mnm*MMmw*mmw 
r » FACILITY * 



[A] 



[B] [C] [D] [E] [IP] [G] [H] 



ATBRAG* *d. OF tBABSACTIOTiS 
TIHI Of ITS OSEtS UttLIZfcTIO* A TO fikt TOTAL 



TIMB FBI TBAB5ACTIOW 
HIV MAX HIAI 5TD DB? 



•- 9 2 



9-ia 



10-11 2 



11-12 2 



12- 1 



1-2 2 



2-3 2 



ALL 03 Bl 
BHPOF 
B1CBP 

nw 

AXL USBB 
BHPOF 
B1CBP 
FB*B 

ILL osm 
IHFOF 
*BCBP 
F1BB 

ALL USBB 
IHFOF 
1KBF 
FBBB 

ALL USBft 
BHPOF 
BBCBP 
FBBB 

Alt 05BB 
IHFOF 
BBC BP 
FBBB 

ALL OSBft 
BHPOF 
BBCBP 
FBBB 



3* 4 2^*ttt OSBI 







BHFOF 






RBCBF 






FP 4 BB 


4- 5 


2 


AM OSBB 






BHFOF 






BBCEF 






FBBB 


8-5 


2 


ALL MB* 


8-5 


2 


BHPOF 


8-5 


2 


BBCBP 


8-5 


2 


FBBB 



07793" 
0.621 
0.173 
0.207 

0;9*44 
6.76B 
6*176 
0.056 

1.000 
0.799 
0.201 
0.0 

0.997 
0.82H 
0.173 
0*0 03, 

0.992 
0*811 
0.181 
0*0 08 

0.999 
0.823 
0.176 
0.001 

1.000 
0.796 
0*204 
0.0 

0.891 
0.81* 
0*084 
0.103 

0.952 
0.892 
0.060 
0.048 

0.953 
0.794 
0.158 
0.047 



1.587^ 


2 


92 


1*241 


2 


50 


0.345 




42 



1*889 
1*537 
0.352 



1.794 
U627 
0*167 



'1*905 
1*784 
0.121 



1.906 
1*589 
0.311 



2 
2 
2 



2.000 2 
1.599 2 
0.401 2 



1.994 
1*£49 
0.345 



107 
62 
45 



Cu25T 
0*519 
0*257 



0*252 
0.506 
0.252 



121 0.253 
73 0*500 
48 0.253 



^464—^^031 0.*64 
2*464 1.484 0.584 
0.741 0.490 0.148 



i.495 1.042 0.687 
2.495 1.456 0.4524 
0*730 0*472 0.153 



2.411* 1.005 0.630 
2**17 1.337 0.604 
0.749 0.499 0*152 



2 


110 


0.250 


2. 


415 


1.086 


0.704 


2 


64 


0.512 


2. 


415 


1.542 


0.579 


2 


46 


0.250 


0. 


729 


0.451 


0.154 



1.984 


2 


104 


0.253 


1*622 


2 


62 


0.507* 


0*362 


2 


42 


0.253 


1.991 


2 


105 


0.252 


1.645 


2 


63 


0.520 


0.352 


2 


42 


0*252 



2.450 
2.450 
0.726 



2. 365 
2. 36 IS 
0.729 



2.000 


2 


113 


0.289 


2.490 


1.593 


2 


66 


0.522 


2*490 


0.il07 


2 


47 


0*289 


0.738 



1.142 p. 701 
1.565 0.605 
0*518 £.137 



1.146 0.663 
1.578 0.496 
0.497 0.158 



1.052 0.630 
1.U27 0.571 
£.526 0.145 



2 


81 


0*263 


2.477 


1*350 


2 


61 


0.507 


2,477 


1.628 


2 


26 


0.263 


0*716 


0.501 




78 


0.434 


2*486 


1.449 


\ 


65 


0.631 


2.486 


1.627 


2 


13 


0*434 


0.712 


0.557 


2 


911 


0*250 


2.495 


1.128 


2 


566 


0*500 


2.495 


1.513 


2 


345 


0.250 


0.749 


4.496 



0.721 
0. 605 
0.154 



0.674 
0.592 
0.092 



'0.694 
0.589 
0.149 
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Terminal Queue Report 

The Terminal Queue Contents Report gives hourly and full-day 
summary statistics on the number of staff members* waiting for or 
using terminals. Statistics are given for ail staff members, w 
receptionists only, and employment officers only. Statistics 
include the number who used a terminal [A], the number who waited 
in line before using a terminal [B], and the minimum [C], maximum 
[D], average [E], and current number in the terminal queue at the 
ftfid of the hour [ F]. 



The Terminal Queue Waiting Times portion of this report gives 
the same hourly and summary* breakdowns on the minimum \Q] and 
maximum [J] waiting times, the number [H] and percent [I]- of * the 
terminal users who did not have to wait, and the mean and standard 
deviation of the waiting times both including [K,L] and excluding 
[M,N] times for users who did not have to wait. See Table 8 for 
these reports. 
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TABLE 8. TERMINAL QUEUE REPORT 

■ ■•■•••■■iiiunn 

- Tnmmi queue * 



[A] 



[B] 



[C] [D] [E] 



• QUEUE CONTENTS. — — 
TIJ|E OSZRS ENTRIES ENTRIES* 



l~ t ah user 

m EE EOF 

EECEE - 



r 



•-10 All USER 
BHEOE " 

mcep 

10*11 All USER 
EHEOF 
RECEE 




r — : 



sa 

36 

2i 

95 
55 
*0 



121 
72 
*9 



0 
0 
0 



9 
7 
3 



0 /* 6 

o' 6 
0 3 



1 
0 
0 



a 

6 
3 



1,651 
•1*059 
0.592 

2,751 
1.521 
1.230 

5.016 
3.036 
1.981 



«XK MAX AVE RAO S EOf 



5 
5 

o- 

* 
1 

3 





11-12 


ALL US t* 


110 


109 


P 


9 


4.985 ' 


* 








wrop 


(« 


63 


0 


7 


2.93* 


3 








MCK* 




«6 


0 


3 


2.052 


1 




12- 1 


ILL USI* 


10* 


101 


0 


8 


3,912 


5 








wrop 


62 


59 


0 


5. 


2.315 


3 








IRCKP 


12 


-*2 


0 


3 


1.597 


2 




1- 2 


All OS EX 


105 


10* 


0 


a 


3.991 


« 








EH FOE 


63 


63 


0 


6 


2.267 


2 








EEC EE 


*2 


*1 


0 


3 


1.723 


2 


2- 


3 


All USER 
EKEOF 


113 

. 67 


113 
67 


oo 


10 

a 


5.2*9 
3i167 


5 

* 








RECEE 


16 


*6 


0 


3 


2.082 


1 




3- 


* 


All USER 


79 


7* 


0 


9 


3.223 


0 








BHEOP 


59 


^--^56 


0 


7 


2.365 


0 








RECEP 


20 


18 


0 


3 


0.836 


0 




*- 


5 


All USEE 


80 


55 


0 


5 


1.62* 


1 




* 




EE EOF 


67 


5* 


.0 


5 


t.364 


1 








RECEE 


13 


11 


0 


2 


0.261 


0 




8- 


5 


All USER 


913 


8*0 


0 


10 


i 

3.600 






8- 


5 


ENPOF 


560 


525 


0 


8 


2.227 






8- 


5 


RECEE 


3*5 


315 


0 


3 


1.373 





ENTRIES* INC1UDES OMIT NON-ZERO QUEUE TIMES 
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TABLE 8* Continued 



* 











[Gl 


[HI 


HI . 


[J] 


[K] 

* 


[L] 


- [M] 


[N] 


* 


• 

TIHE 


QUEUE lilTXRG TIHES — ~- 
* OSER AIR SERO-# XERO-% 


RAX 


HEAR 


STD OET 


HEAR* 


STD DE7* 






At! OSER 
EHPOF 
RECEP 


0.033 
0 .122 / 
0.0W 


/36 
15 
21 


38.30 
29.41 
48.84 


3.923 
3.923 
3*719 


0. 925 
1.008 
0.8*7 


1.038 
1*025 
- 1.056 


1. 499 
*l.427 
1.616 


0.939 
0.940 
0.945 






Alt OSER 
EHPOF 
■ ECEP 


0.081 
0*177 
6.081 


12 
8 
4 


11.21 
12.70 
9.09 


5.475 
5.475 
5.430 


1 . 512 
1*5?1 
1.428 


1.314 
f .376 
j 1.229 


* 1.703 
1.800 
.1.570 


1.272 
1.325 
1.198 




10 


-11 


ALL OS II 
18 POP 
RtCIP 


0.527 
0.527 
0.570 


0 
0 

o 


0.0 
0.0 
0.0 


5.419 
4.772 
5.419 


2.594 

2.575 
2.621 


1.071 
0.999 

•1.178 


2.594 
2.575 
2.621 

* 


1.071 
0.999 
1.178 


* 


11 


-12 


ALL OSER 
sn POP 


0.130 
0.130 

0 1U9 

V.I Hi 


1 
1 

0 


0.91 
1.56 
0 0 

V . V 


5.095 
4.882 

5.095 


2.701 
2.719 
2.675 


1.284 

1.252 
1.339 


2.7^6 
2,762 
2.675 


1.26* 
1.213 
1.339 




H 


- 1 


ALL OSER 
EHPOF 
RECEP 


0.118 
0.118 
0.119 


3 
3 
0 


. 2.88 
4.44 
0.0 


4.245 
-4.080 
4.245 


2.247 
2.217 
2.291 


1.122 
1*070 
1.207 


2.314 
2.330 
2.291 


1.068 
0.968 
1.207 




1 


- 2 


ALL OSER 
EHPOF 
RECEP 


0.112 
0*t12 
0.346 


1 


0.95 
0.0 . 
2.38^ 


4.82?; 
4.822 
4.612 


2,288 
2.201 
2.419 


1.199 
1.165 
1.251 ' 


2.310 
2.478 


1.183 
. 1.165 
* 1*206 




2 


i 

- 3 


ALL OSER 
EHPOF 
RECEP 


0.230 
0.230 
1.043 


0 
0 
0 


1*0.0 
0*0 
0.0 


5.355 
5.355 
4.996 


2.792 
2.-817 
2.755 


1.045 
1.080 
,1.003 


2*792 
2.817 
2.755 


1.045 

-1.080 
1.003 




3 


- * 


ALL 'OS EE 
EHPOF 
RECEP 


0.122 
0.122 
0.660 


5 
3 
2 


6.33 
5.08- 
10.00 


5.732 
3.732 
5.066 


2.502' 
2.480 
2.566 


1.609 
1.655 
1.507 


2.671 
2*613 
2.851 


1.520 
1.592 
1.295 




4 


- 5 


ALL OS ER 
EHPOF 
RECEP 


0.100 
0.100 
0.262 


15 
13 
2 


18.75 '. 

19.40 

15.38 


4.235 
4.235 
2.527 


1.214 
1.216 
1.203 


0.934 
0.949 
0.883 


1.494 
1.509 
1.421 


0.80*7 
0.820 
, 0.77O 



8-5 ALL %SER 0.033 73 8.00 5.732 2.129 1*342 
8-S EHPOF 0.100* 43 7.57 5.732 2*117 1.331 
8-5 RECEP 0.033 30 8.70 5.430 2.149 1.362 



2.314 1.237 
2.290 1.233, 
2.353 1.24$* 



HEAR* AND STD CET* ARE FOR- ROR-ZERO TIRES ORLT 

TOTAL 00EOE RAlTIRG TIHE 
OSER HOORS % OF A VAX LAB IE TIHE 



ALL OSER 
EHPOF 
RECEP 



32.397 
18.524 
12.025 



19.998 
13. 722 
44*536 
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Job Order Queue Report - 

The Job Order Queue Report is divided into a queue contents 
portion and a queue waiting times portion. The typed cf information 
given are the same as given in the Interview Queue Report, but the 
subject is' the number of job orders awaiting handling and the length 
of time they must wait, this report is displayed in Table 9. 



TABLE 9 . JOB ORDER QUEUE REPORT 
* JOB ORDER QUEUE * 





[A] 




[B] 


[C] 


[Df 


[E] 














TIH1 


ENTRIES ENTRIES* 


RZR 


RAX 


AYERAGE 


VOW 


8- 9 


6 


6 


0 


1 


0,056 


0 


9- tO 


7 


7 


0 


1 


0.050 


0 


10-11 


6 


8 


0 


1 


• 0.070 


0 


11-12 


5 


5 


0 


1 


0.050 


0 


12- 1 


6 


6 


0 


1 


0.049 


0 


1- 2 


6 


> 6 


0 


2 


0.031 


0 


2? 3 


5 


5 


0 


2 


0.075 


k 1 


3- 4 


5 


5 


0 


1 


0.070 


0 


4- 5 


*' -iO 


10 


0 


2 


0.093 


1 # 


8-5 


56 


58 


0 


2 


* 0.060 




WTRIES* 


INCLUDES OWL! ROE 


*ZERO 


QUEUE TIRES 



[H] 



in 



[J] [K] 



1 TIRE 

8- 9 

9- 10 

10- 11 

11- 12 

12- 1 

1- 2 

2- 3 

3- 4 

4- 5 

8-5 



QUEUE WITIKG TIRES ' 



RIN 
0.064 
0.003 
0.175 
0.258 
0.082 
0.152 
6.128 
0.013 
0.029 

o.ofo 



ZERQ-t 
0 



ZERO-5 
0.0 
0.0 
0.0 
0.0 
0,0 
0.0 
0.0 
O.O 
0.0 

0.0 



AX 

.035 

• 659 
.950 

• 236 
.979 

578 
.312 
.080 

• 546 



MSA* 

0.559 

0.428 

0.521 

0.605 

0.495 

0.314 

0.740 

0.991 

0.523 



STD DET 

0.388 
0.595 
0.318 
0.394 
0.374 
0.^63 
0.564 
0.788 
* 0.479 



2.080 0.557 0.468 



REAR* MD STD LEV* ARE fOR NON-ZERO TIRES ONLY 
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[L] 



REAR* 

0.559 
0.428 
0.521 
0*605 
0.495 
0.314 
0.740 
0.991 
0.523 

0.557 



[M] 



STD DEV* 
0.388 
0.595 
0.318 
0.394 
0.374 
0.163 
0*564 
0.788 
0.479 

0.468 
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CHAPTER FOUR ' 
USE OF THE SIMULATION 

The activity level in a local office is affected by many ex- 
ternal variables. A major layoff at a local factory, for example, 
would increase the number of people needing services. Changes in the 
type br extent of services provided, such as the introduction of a 
special program for veterans, could also affect the activity level. 
Changes in the number of people served by the local off ice "or in 
the types of services provided can present resource allocation 
problems. A simulation is an inexpensive way to answer some of 
the questions that commonly arise in a changing situation. 

This simulation is primarily a planning tool designed to deal 
with a variety of Employment Service problems. The simulation can 
help the manager to choose between alternative solutions and answer 
specific questions stemming from new situations. For example, 

1) What is the best way to cope with a budget cut while 
serving the greatest number of applicants per* day? 

a) Cut one terminal, one receptionist, and one interviewer? 

b) Cut just one terminal and one receptionist? 

2) What is the best way to handle a sudden increase in the 
number of people to be served? Hire more receptionists? 

a) How many part-time temporary receptionists are needed? 

b) What hours s h ould *they work? * ^ 

The simulation can also be used to maximize the allocation cf 

existing resources and to lielp lay a foundation for budget requests. 
For example, it might show how an extra terminal woijld reduce staff 
waiting time. 

Although the simulation is primarily a planning tool, it can 
provide valuable ii^put to the policy development process, par- 
ticularly in the area of budget estimates. Consider the following 
hypothetical situation. Management is concerned that applicants have 
to wait too long to see interviewers and that too many applicants leave 

. ii 
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at the end of the day without being interviewed or give up and leave 
after some substantial period pf tine, A policy decision to set a 20 
percent increase in the number of applicants served e day as 
a target is under Consideration/ The decision 'maker must answer 
two immediate questions. How massive would changes in current op- 
erations have to be to effect such a change? What would the 
changes cost in qualitative aspects of service such as the length 
of interviews and the time an interviewer can spend doing terminal- 
aided job searches? - "s. 

The simulation allows the decision maker to determine the degree 
to which changes in staf£ levels and distributions and numbers 
of terminals will increase the number of applicants served — and 
the effect the Increase will have on the quality of services. 
Simulation allows the expense and effect of , .policy change to be evaluated 
before the change is actually implemented. 

The following hypothetical management situation will be used 
to demonstrate the use of the simulation. 

A local office manager, has a staff of 20 employment officers, 
one full-time Receptionist, and four part-time receptionists. 
At any given (time, 15 of the 20 'employment officers are 
assigned to the tasks of interviewing applicants and taking job 
orders, while the other five perform essential but unrelated tasks. 
All 20 are capable of 'doing either job. The part-time recep- 
tionists are scheduled so that two of them are working at all times, 
which means that a total of three receptionists are- working at any 



given time during the day. The entire ctaff shares two terminals. 

To be realistic, we assume the local office budget is fully 
committed. Only relatively small amounts of uncommitted money re- 
main, certainly not enough to add additional full-time staff. ' 
Nonetheless, the manager has problems. The office Starts falling 
behind by midmprning, and it never catches up. The line in front 
of the receptionists' desks stretches out the front door. 

to four times as many people are waiting to be interviewed as 
there are chairs for tWem to sit on. The waits are not short, and 
some applicants are in the office for ovet' two hours. As the staff 
falls further behind, the office becomes jammed with people * making 
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both the staff and the applicants irritable. Although the front ddors an 
locked at 4:30 p.m. , applicants are still waiting to be interviewed at 
5 p.m. 

The manager hopes that rearranging the hours the staff spends on 
various tasks will increase the number of applicants served and re- 
duce congestion. In particular, he Would like to try using more than 
15 employment officers to interview applicants during busy 
hours and using more than five on non-in t erviewing tasks during - 
slack periods* . f 

The manager would like to see the office system behave as follows: 
there should never he more than 80 applicants in the systw-afc^/ 
any given time, and the hourly averages should be less than 60; 
there should never be more than IS ffleople waiting . to *ee a feecep** * 
t leftist intr more than 20 waiting to be interviewed* 

If the manager attempts to experiment with alternative allocations 
of his staff, the system behavior may become even worse, a possibility 
he finds repugnant* He chooses simulation- as a non- threatening alter- 
native to direct experimentation. First, ha^^Vermines the values of 
the simulation input parameters (discussed iirChapter 3) that describe 
his office configuration. Then, he runs the simulation for the first 
time and verifies that the simulation adequately represents the behavior 
of his office. The output for this run Was shown in the previous section 

Next, the manager attempts to determine from the simulation out- 
put where his bottlenecks are occurring and what can be done about 
the*. (See Table From the Applicant Report, he can see that the 
^largest-wnnber^of arrivals-occurs in mldmdming (140 from 10-11) [A] 
and that the number of people in the system is very high" after 11 mm., 
as he ^ surm4se4 ll 4pqnL watcWuft hia <*n* of£ic£. In the Receptionist 

Facility Report [B], he notices that the receptionists are spending 
a high percentage^ of the busiest periods waiting to use a terminal. 
The Terminal Queue Report [D] verifies that observation and shows 
that receptionists are spending 44 perc*ttfc?of their day wi&tLin-f <jr 
a terminal. Obviously, the office needs another terminal. 

Assuming a reduction in terminal working time, the utilization 
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figures in the Receptionist Facility Report [B] show too many reception- 
ists from 8-10 and from 3-5. For example, the utilization rate from 
4-5 is only 17,2 percent ♦ 

The utilization statistics in the Employment Officer Facility 
Report [C] show an excess of employment officers in the first hour of 

the day; but with that exception, nothing else can be evaluated 
accurately until the effect of the additional terminal can be 
determined, the complete, modified input parameters; and simulation 
output for the second run appear in Table 11. 

As is apparent from the Applicant Report of the second simulation 
run* system performance was greatly enhanced by the addition of the 
terminal. In particular, the maximum length of time any applicant 
spent in the system dropped by approximately one hour. The average 
mooter of people in the system is over 60 from 11-12 only [A]* 

the receptionist-utilization statistics indicate that there are 
too many receptionists after 10. a.m., but the Receptionist 
Queue Report shows that the* constraint of no more than 15 people 
waiting for a receptionist is violated from 10*11. The manager 
decides to add one more receptionist from 10-11 and reduce the number 
of receptionists after II a,m. {BJ.. 

The Employment Of ficer ^Facility Report and the Interview Queue 
Report show the managts* that the employment officers cannot keep up 
with the load from 10-3 but that the number of officers can be 
drastically reduced during the last hour of the day [Cj. He decides 

to add employment off icers in the ldt« m ornihg and early . afternoon 

and drop back to nine for the last hour. The simulation output for 
this new configuration appears in Table 12, 

Again, system behavior improves, but it still does not satisfy 
the manager *s constraints • The average number of people in the 
system from 11-12 is still slightly high [A]. Although reduction 
in the number of receptionists after 11 a#m. did not cause un-^ 
acceptable behavior, the addition of the fourth receptionist did 
not reduce,. the maximum number of applicants in the receptionists 1 
queue [&] frftm 10~L1 to an acce^tabile- level • 
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TABLE 10. FIRST SIMULATION CYCLE 



OUTPUT SUMMARY 



AR- 

TIME CLASS RIVALS 



LEVEL ACTIVITY 



8-9 ALL 

NEW 
OLD 
OTH 



9-10 ALL 

NEW 
OLD 
OTH 



10-11 ALL 

NEW 
OLD 
OTH 



11-12 ALL 

NEW 
OLD" 
OTH 



12-1 ALL 

NEW 
OLD 
OTH 



97 
37 
43 
17 



86 
24 
47 
15 



140 
58 
59 
23 



90, 
31 
HIT 
15 



62 
21 
33 
8 



111 



RECEPTIONIST 



UTILIS- 
ATION 



LEVEL 



RECEPTION 0.503 

ENCOUNTER 0.191 

TERM WAIT 0.197 

COMPUTER 0.115 

MISC* 0.497 

HR. SUB-TOTAL 1.000 



RECEPTIONIST 0.768 

ENCOUNTER 0.241 

TERM WAIT 0.410 

COMPUTER 0.117 

MISC. 0.232 

HR. SUB-TOTAL 1.000 



RECEPTIONIST 1.000 

ENCOUNTER 0.206 

TERM WAIT 0.660 

COMPUTER 0.134 

MISC. 0.000 

HR. SUB-TOTAL 1.000 



3 RECEPTION 1.000 

ENCOUNTER 0.201 

TERM~TfAIT~~ Ot6#4~ 

COMPUTER 
MISC. 

HR. SUB-TOTAL 



0.115 , 
0.000 
1.000 



RECEPTION 0.840 

ENCOUNTER 0.187 

TERM* WAIT 0.532 

COMPUTER 0.121 

MISC. 0.160 

HR. SUB-TOTAL 1.000 



IC1 



EMPLOYMENT OFFICER 



UTILIZA- 
ACTIVITY ATION 



15 INTERVIEW 0.713 

DISCUSSION 0.560 

TERM WAIT 0.071 

COMPUTER 0.083 

JOB ORDER 0.014 

MISC. 0.273 

HR. SUB-TOTAL 3uOOO 

15 INTERVIEW 0.879 

DISCUSSION 0.675 

TERM WAIT 0.101 

COMPUTER 0.102 

JOB ORDER 0.014 

MISC. 0.107 

HR. SUBTOTAL 1.000 

15 INTERVIEW 0.977 

DISCUSSION 0 . 668 

TERM WAIT 0.?p2 

COMPUTER 0*107 

JOB ORDER 0.013 

MISC. 0.010 

HR. SUB-TOTAL 1.000 

15 v — I8IERVIEW 0.986 
DISCUSSION 0.680 
TERM WAIT — — frdb96- 



COMPUTER 0.110 

JOB ORDER 0.014 

MISC. 0.000 

HR. SUB-TOTAL 1.000 

15 INTERVIEW 0.986 

DISCUSSION 0.724 

TERM WAIT >0.154 

COMPUTER 0.108 

JOB ORDER 0.014 

MISC. 0.000 

HR. SUB-TOTAL 1.000 




TABLE 10. FIRST SIMULATION CYCLE 



[A] 



OUTPUT CYCLE (Cont.) 
[B] . 



EC] 



AR- 

TIME CLASS RIVALS 



1-2 ALL 

NEW 

OLD 
OTH 



99 
35 
55 
9 



2-3 ALL 

NEW 
OLD 
OTH 



63 
17 
36 
10 



3-4 ALL 

NEW 



63 
38 





OLD 


15 




OTH 


10 


4-5 


» 

ALL 


26 




NEW 


8 




OLD 


13 




OTH 


5 


8-5 


ALL 


726 


8-5 


NEW 


269 


8-5 


OLD 


345 


8-5 


OTH 


112 


8-5 







RECEPTIONIST 



LEVEL ACTIVITY 



UTILIZA- 
ATION 



3 RECEPTION 0.850 

ENCOUNTER 0.159 

TERM WAIT 0.574 

COMPUTER o 0.117 

MISC. 0.150 

HR. SUB-TOTAL 1.000 



RECEPTION 1.000 

ENCOUNTER 0.170 

TERM WAIT * 0,694 

COMPUTER 0.136 

MISC. 0.000 

HR. SUB-TOTAL 1.000 



RECEPTION 0.502 

ENCOUNTER 0.167 

TERM WAIT 0.279 

COMPUTER 0.056 

MISC. 0.498 

HR. SUB-TOTAL 1.000 



RECEPTION 0.172 
ENCOUNTER 0.045 
TERM WAIT 0.087 
COMPUTER 0.040 

MISC. 0;828 



HR. SUB*TOTAL 1.000 



RECEPTION 0.737 

ENCOUNTER 0,174 

TERM WAIT 0.458 

COMPUTER 0.106 

MISC. 0.263 



EMPLOYMENT OFFICER 



LEVEL ACTIVITY 



UTILIZA- 
ATION 



15 INTERVIEW 0.988 

DISCUSSION 0.727 

TERM WAIT 0,151 

COMPUTER 0.110 

JOB ORDER 0.012 

MISC. 0.000 

HR. SUB-TOTAL 1.000 

15 INTERVIEW 0.987 

DISCUSSION 0.670 

TERM WAIT 0 .211 

COMPUTER 0.106 

JOB ORDER 0.013 

MISC. 6.000 

HR. SUB-TOTAL 1.000 

15 INTERVIEW 0.986 

DISCUSSION 0.719 

TERM WAIT 0.159 

COMPUTER 0.108 

JOB ORDER 0.014 

MISC. 0.000 

HR. SUB-TOTAL 1.000 

15 INTERVIEW 0.987 

DISCUSSION " 0.777 

TERM WAIT 0.091 

COMPUTER 0.119 

JOB-ORDER — 0.013 

MISC. 0.000 

HR. SUB-TOTAL 1.000 

INTERVIEW 0.943 

« DISCUSSION 0.689 

TERM WAIT 0.148 

COMPUTER 0.106 

JOB ORDER 0.013 

MISC. 0.O43 



TERMINAL QUEUE WAITING TIME 

USER HOURS % OF AVAILABLE TIME 



ALL USERS 32.397 
EMPOF 18.524 
RECEP 12.025 
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19.998 
13.722 
44.536 
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TABLE 12. THIRD SIMULATION CYCLE 
OUTPUT SUMMARY 
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[Al 


[B] 


[C] 


[Dl 


[El 


r?i rci 


[HI 






APPLICANTS 


INTERVIEW QUI 


SUE CONTENTS 




TIME 


CLASS 


* 

AIS 


** 

RQ 


* MAX 


RUN 2 
AVERAGE 


*** 

NOW 


RUN 3 
MAX AVERAGE 


NOW*** 




8-9 


ALL 
NEW 
OLD 

OTH 


29.459 
14.685 
10.343 
4.432 


7 


6. 


1.191 


0 


6 1.191 


0 




9-10 


ALL 
NEW 

OLD 
OTH 


33.578 
16.335 
12.937 
4.306 


11 


9 


•1.705 


8 


9 lr705 

V- 4 


ft ". 




10-11 


ALL 
NEW 
OLD 
OTH 


48.101 
25.490 
15.222 
7.390 


17 


19 


4.380 


19 


19 3.557 


19 


h 


11-12 


ALL 
NEW 
OLD 
OTH 


64.617 
33.409 
26.736 
4.471 


13 


43 


34.333 


42 

* 


28- 21.847 


22 




12-1 


ALL 
NEW 
OLD 
OTH 


44.197 
21.736 
20.214 
2.247 


8 


42 


53.094 


28 


26 16.283 


9 






ALL 
NEW 
OLD 
OTH 


.36.957 
17.462 
16.281 
3.214 


5 

• 


28 


20.139 


25 


13 2.349 


11 




2-*3 


ALL 
* NEW 
OLD 
OTH 


39.271 
16.447 
19.743 
3.081 


4 


33 


27,117 


18 


20 11.292 


. o 




3-4 


ALL 
NEW 
OLD 
OTH 


27,742 
18.909 
5,122 
3,710 


7 


18 


8.122 


0 


2 0.170 


2 


* 




r 
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TABLE 12. THIRD SIMULATION CYCLE 
OUTPUT SUMMARY (Cont.) 







FAT 


[Bl . 


[C] 


fD] fEl 


fFi rci [HI 




APPLICANTS 


INTERVIEW QUEUE CONTENTS 


TIME 


CLASS 


* 

AIS 


** 

RQ 


MAX 


RUN / 

*** 

AVERAGE NOW 


0 

TJTTXT Q * 

MAX AVERAGE NOW . 


4-5 


ALL 
NEW 
OLD 
OTH 


14.611 
9.209 
4.000 
1.402 


2 


3 

* 


0.076 0 


5 1.279 0 f 


8-5 
8-5 
8-5 
8-5 


ALL 
NEW 
OLD 
OTH 


37.615 
19.298 
14.511 
3.806 


17 


43. 

>> 


14.467 


28 6.630 



TERMINAL QUEUE WAITING TIME 

USER HOURS - 2 OF AVAILABLE TIME 

ALL USERS 4.813 3.209 

EMPOF * 1.386 .1.042 
RECEP 1.630 9.585 



*AIS - Average number of applicants in the system 
**rq - Maximum number of applicants in the receptionists queue 
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The Interview Queue Report shows substantial improvement in the 
numtfer of people waitihg to be interviewed [C-E], but more employment 4 
officers are needed from 10-12 and 1-3. Fewer are need 1 from 3-4* 

The Terminal Queue Report [I, J] shows that rece^ionists spend 
nearly 10 percent of their time waiting for a terminal, ^apparently 
because as more staff members are used, competition for terminals 
increases. Assuming that this problem will & compounded when more 
staff are added in the next simulation* and hoping to reduce the , 
number of applicants waiting for the receptionists, the manager 
decides to add another terminal. 

He changes input again and simulate* a new configuration* The 
output from this simulation appears in Table 13. 

The addition of a fourth terminal substantially reduces £ the 
number of people waiting for the receptionists. * Comparing the Recep- 
tionist Queue Reports from Table 13, we see a 35 percent reduction 
in the average queue content [B,D]. In the troublesome period from 
10-11, the maximum queue content [A,C] dropped from 17 to three.. In, 
fact, in the Receptionist Facility Report, the manager discovers that 
he doesn't need four receptionists from 10-11 * after all. 

At this point, the manager^ sees that all of his original con- 
straints have been met except for the maximum length of the inter- 
view queue [C-J. 

The Interview Queue Report shows that the 10-11 period barely 
meets the constraint, and the 11-12 period violates it. The manager^ 
wants to reduce the number of people waiting from 11-12, but h^ is 
already using all 20 employment officers in that hour. He notices 
that the Interview Queue Report shows 16 people waiting [H] at 11 a.m. 
and decides to use all 20 employment officers from 10-11 to reduce 
waiting-line spillover into the 11-12 period. He also decides to 
reduce the number of employment officers in the 3-5 period because 
. of the small queue site during that period. * 

Simulating another day (Run 5), he finds that all of his constraints • 
are now met, Run 5 can be found in Appendix A. Other runs are available 
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CABLE 13. 



\k\ m> rev [di 



FOURTH SIMULATION CYCLE 
OUTPUT SUMMARY 



ill 



ill 



[gj rm , 



TIME 



^vMAX 



RECEPTIONIST 



QUEUE CONTENffS 



RUN 3 



MJN 4 



AVERAGE MAX AVERAGE 



LEVEL ACTIVITY 



UTILIZ- 
ATION 



INTERVIEW 



QUEUE CONTENTS 



MAX NOW 



8-9 



9-10 



>0- 



11 



11-12 



12-1 



7 0.563 7 0.417 

C 

11 0.848 . 4 0.298 



17 1.153 3 0.037 



13 2.111 7 0.735 



8 1.665 7 0.870 



RECEPTION 
ENCOUNTER 
TERM WAIT 
COMPUTER 

MISC. 



0.480 
0.291 
0.012 
0.177 
0.520 



HR. SUB-TOTAL 1.000 



RECEPTION- 
ENCOUNTER 
TERM WAIT 
COMPUTER' 

MISC. 



0.562 
0.364 
0.010 
0.189 
0.438 



HR. SUB-TOTAL 1.000 



RECEPTION 
ENCOUNTER 
TERM WAIT 
COMPUTER 

MISC. 



0.327 
0.191 
0.021 

o;ii6 

0.673 



HR. SUB-TOTAL 1.000 



RECEPTION 
ENCOUNTER 
TERM WAIT 
COMPUTER 

MISC.- 1 



0.577 
0.327 { 
0.072 
0.178 
0.423 



HR. SUB-TOTAL liOOO 



RECEPTION 
ENCOUNTER 
' TERM WAIT 
COMPUTER 

MISC. 



0.647 
0.351 
0.030 
0.266 
0.353 ! 



HR. SUB-TOTAL 1.000 



20 



21 



11 



16 
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TABLE 13. FOURTH SIMULATION CYCLE 

* 


♦ 








. OUTPUT SUMMARY (Cont.) ^ 


- 


- i 




[A] IB] [Cl [Dl 


IE] A ... fFl 


rci fHi 








RECEPTIONIST 


QUEUE 








QUEUE CONTENTS 


- 




m 




* - 


RON 3 RUN 4 




OUEUE CONTENTS 










UTILIZ- 








TIME 


MAX AVERAGE 1 MAX AVERAGE 


LEVEL '* ACTIVITY 'ATI0N 


MAX NOW 


: 


----- 


1-2 


5 0.706 6 0.588 


2 RECEPTION 0.589 


12 11 










« ENCOUNTER 0.331 










* 


N TERM WAIT 0.019 


* 


j 








• <■ y COMPUTER 0.238 












MISC. . 0.411 












HR. SUB-TOTAL 1.000 








2-3 


4 0.211 5 1.537 


I RECEPTION 0.788 


15 0 










ENCOUNTER 0.422 












TERM WAIT 0.056 








COMPUTER * 0.309 


*— 










MISC. , ° 0.212 , 












HRa SUB-TOTAL 1.000 








3-4 


7 0.569 7 0.536 


1 RECEPTION 0.527 


! A ■ 1 










ENCOUNTER 0.399 




■ - . . ■ ; 






• 


TERM WAIT 0.000 


if. 








* 


< COMPUTER % 0.128 












MISC. 0.473 












HR. SUB-TOTAL 1.000 










2. 0.107 2 0.085 


1 RECEPTION 0.284 


. 5 0 




» 






ENCOUNTER 0.139 


J 






« 


* 4 


TERM WAIT 0.023 


f 




r 






COMPUTER 0.121 


f 




r » 






MISC. 0.716 


■ 








% 


HR. SUB-TOTAL 1.000 








8-5 


17 0.881 " 7^ 0.568 


RECEPTION s i 0.531 


m 21 * f - 






8-5 




ENCOUNTER 0.313 








8-5 




TERM WAIT 0.027 








8-5 




COMPUTER 0.191 




• 




8-5 


• ■ * * 


MISC. 0.-469 

! % ; __ , . 


• 


*• 
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from ILIR. Comparing the man-days used for receptionists, , 
Receptionist Facility Report, and employment officers in the 
Employment Officer Facility Report, in his first and last-simulations, 
he finds that his final run .uses two more hours of employment officer 
time and 12 fewer hour, of receptionist time* (Table 14). ^o more ter 
minals are required; but the solution, as a whole, can be financed 
through his present budget. 

The manager in this hypothetical situation might wish to fur- 
ther refine his solution, particularly by reducing the number of 
employment officers In the 3-5 period; but further rurts are not 
necessary to demonstrate the use of simulation. The example 
demonstrates the iterative approach required by_ simulation: 



6 
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successive solutions are tried until the best solution is settled 

upon. • _ . „ r> ■ . 

In the example^ our hypothetical manager shifted his resources 
•. to meet demand. This, commonsense approach is generally effective, 
*4>ut determining which resources to use and in what quantities, can 
be a problem. Even in relatively simple systems such as the local 
Vf floe simulated here, interactions in the- system can cause complex 
and, frequently, counter- intuitive behavior. Doubts about which of 
two resourqe Allocations will be most effective can be resolved by 

4 

simulating both. * • 



TABLE 14. COMPARISONS , FIRST AND LAST RUNS 



Statistics were taken from facility reports for the VeceptiVmists 
and/ employment officers for the first and.fiftfi (last) simulation runs, 



J 



Run 



5 -.1 



16.87 



17.12 



-1.50 receptionist-days — 
•25' employment officer - days 



Recep 
Enpof 



-1.50 r-days 
x. 8 hrs./day 



r 



-12 . hours of receptionist tins saved' per day 



.25 emp-days 
*x 8 hrs./day 



mote hours of employment officer time used 



DO 
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• CHAPTER FIVE 

SALT LAKE CITY PLACEMENT CENTER TIME STUDY 



Introduction 

The models discussed e in previous chapters were derived from 
visits to numerous Employment Service local offices in New York, 
Denver, Boulder, Milwaukee, Detroit, and Salt Lake City. Much 
of the data used in this model came from a 3 week time ( 
study at the Placement Center of the Salt Lake City (SLC) local 
office. .Major discrepancies between the SLC Placement Center and 

^T^slTOtetioCT model are noted below, 

Table 16 punmarizes some of the data collected. 

Model Abstractions 

The descriptive model abstracted from the SLC local office 
was simplified to make the igodel workable and to simplify the prototype 
simulation so that the. undetlyintf concepts could be presented clearly. 
For these reasons, the following aspects of the SLC office are not re- 
presented exactly' as they appear in the office. 

Interviewer Clustering 

In the SLC office, interviewers were grouped in clusters, each 
of which iealt with a certain type of applicant only<i For example, 
one cluster handled only clerical placements. In the prototype 
simulation, any applicant could be serviced by any interviewer. 

Terminal Applications 

. Terminals in the SLC Placement Center were used for many functions, 
but they had two primary functions. First, the receptionist checked 
the registration of applicants, as described in the descriptive 
model. Second, interviewers primarily used terminals to match 

* 52 



applicants to job ordets. tit the model, interviewers used terminals 
to match jobs to applicants as part of the interviewing process. 

Centralised Mode 

two of the six terminals at the Placement Center operated in 
centralised node* that is* flerks performed retrievals at the request 
of interviewers and administrators. This operation is omitted from 
the model. In the model, all recef tionists and interviewers use 
the same pool of terminals ♦ 

Down Time > 

The simulation does not ttodel periods when either terminals or 
computer systems ire malfunctioning 'at not operating* Unfortunately, 
such periods do exist in the teal world* 

* 

Other Activities . 

~~ — — : r 

Activities other than interviewing and job order taking are ell 

* 

lumped together undet the heading of miscellaneous activities. 

Length Of Interview u 

» ft **** 
.There atfe many farfrnrs that Might potentially affect the length 

of interview. Leaving an important factor out of the simulation 

might cause misleading results. 

During the Modeling tjf the interview process, the modeless hypo the 

sised that three factors might affect the length of an interview: 

1) The type of job the applicant desires* 

2) Whether or not the applicant has been to the Employment 
Service before* 

3) The characteristics of the interviewer (i.e., would some inter 
viewers be predisposed to spend either more or less time with 
the applicant). 



60 

S3 



* 



None of these factors were accounted far in the simulation 
.except 2) whether the Applicant had been to the Employment Service before* 

To test the importance of these factors, data from the time study 
was used to evaluate three single factor analysis~o£~variance models. 
,The analy*is-of-variance results appear in Table 15. 

None of the three tests were significant at an a- level (the probability 
of rfejecting'a true hypothesis) of ,05. These results provide further 
support for- using our simulation model. Factor 2) which is in. our i 
simulation waa significant at the .06 level. 

Collection of Data 

Data was collected at various Stations to trace the flow of 



applicants through the SLC office, * *s each applicant 

reached each station, the time was recorded on his card. Time was 
expressed in hours and hundredths of hours. Time intervals between 
stations were calculated later. A description of the information 
• gathere*~at each station follows. • «. s 

1) Entrance: At the frqnt door, every fifth applicant was 
given a card stamped with the current time. If the applicant followed 
the standard procedure, he proceeded to the receptionist 1 s desk. It 
was not unconmon, however, for applicants familiar with the office 

to go to the job display area f irst^ and then to the reception desk 

or to the exit. 

♦ *> 

2) Reception desk: The receptionist determined whether or not 
the applicant had previously come to the Employment Service and what 
the applicant was applying for: 

a) Unemployment Insurance i 

b) Foodstamps 

c) Welfare 

d) CETA/PEP , ' , - 
When an applicant returned to the desk from the job display boards or 

from an interview, only the time was recorded. 

3) Interviewer: The interviewer stamped the time on the ^ 
applicant's card both at the beginning and at the end of the interview. 
The interviewer recorded three other items of information: 

54 j 
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TABLE 15. ANALYSIS OP VARIANCE 
RESULTS FOR LENGTH OF INTERVIEW 



The results of the three analysis -of -variance models are 
summarised in the single table below. 







Sum of 


Mean 

* 


F-stiS- 


Signifi- * 


sVtrce 


DF 


Squares 


Square 


tistic 


cance 














Interviewer 


45 " 


73.475 


1.6328 


1.3105 


.0860 


<> 

Occupation (DOT) 


9 


14.085 


1.5650 


1.2400 


.2666 


Mew/old 


1 


4.3278 


4.3278 


3.4301 


" .0643 


Total 


907 


1147.4 
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a) The applicant's DOT (Dictionary of Occupational 
Titles) code, 

b) His own employee nuttber. 

c) Whether or not the applicant had teen to the job display 
/ ; area prior to the interview. 

After the interview, the applicant either left the office or 
returned to the reception depk to await another interview, 

A) Exit: The time of the applicant's departure was recorded on 
his way out of the office, 

Much of the information gathered in the time study has already 
been discussed in the presentation of *the models. The significant 

-remaining ^information' is summarized in Table 16, 

Although not a part of our time study, we obtained statistics 
collected .by the Utah Department of Employment during the second 
week of the time study. There were only 41 job searches performed 
on the terminal or about 8 per day. There were ten times as many, 
applicant searches performed during- the same period. Not every job 
, search results in a referral and not evety referral results 4 in a 
placement. Therefore the number of placements resulting from job 
searches was low in Utah as well as in Colorado, 

Of the total of 2770 applicants that came into the U$aK employment 
study during the second week of the "time study less than 2% received 
computer job searches. This is primarily because most applicants find 
jobs from boards which list jobs by Occupational category, perhaps 
in a Urge office such as New York City or Los Angeles boards would 
riot be feasible and a computer search would b& us£d more often. 
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TABLE 16. SOME TIME STUDY CHARACTERISTICS 

Characteristics of Arriving Applicants at Reception Desk 
N|*w applicant (not registered) 
v Unemployment Insurance 
Foodstamps 

Welfare ^ 
CETA/PEP 



NO 


YES 


1244 


397 


1437 


204 


1633 


8 


1637 


4 


1613 


28 



Went to job .display area before 1st interview 



27p 
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Applicant Time Distribution 

Entrance to reception desk 
Return to reception desk 
Reception desk to interviewer 
InteTview length 

Total interruptions during interview 
Interview to exit 
Second interview 
Third interview 



Average Value in Hours 
.0846 
.3553 
.2611 
.1916 
.0497 

.1307 * 

.1391 

.0766 



Occupation Desired by Applicant 

1st digit of first DOT on Application 
0 

* 1 

, 2 
3 

4 

. 5 
. 6 
7 
8 
9 

blank 



Count 

56 
55 
315 
84 
^6 
9 
57 
41 
227 
176 
615 
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CHAPTER SIX 
RECOMMENDATIONS AND CONCLUSIONS 

the prototype simul At ion* shows that- simulation can be an effect 
tive tool for th«i local office manager* It dan be used to evaluate 
the effect of any change * in the local office. 

Ttfo different approaches could be developed to expand the use 
of simulation in the Employment Serviced 

1) Separate Simulations of several types of local offices, 
'each having fairly flexible input parameters through 
which the local office manager could describe his own 

: - system environment, : 

2) One simulation with the flexibility to redefine the 
underlying descriptive model via expanded input para- 
meters* 

Each approach had advantages and disadvantages. The individual 
Simulations of the first would be simpler than the more complex 
simulation of the second* As a consequence, first approach simula- 
tions would be easier to develop and program and probably, would be 
slightly less expensive to run; On the other hand, it would be much 
easier to provide software support and maintenance for one more compl< 
simulation than for several smaller ones. 

Probably, a wider range of local office configurations could be 
represented through the f irtft alternative^ but the manager would be 
likely to become familiar with only that simulation most closely' 
Representing the, current configuration of his office. If he were 
to use the more flexible simulation of the second approach, he Would 
be more likely, to investigate a wider range of alternative office 
configurations* 

the more general simulation of the second alternative appears to 
be the better # choice* 

the effect of simulation on local offfce management is limited 
only by th$ ingenuity of the local office manager. He can use it 
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to Investigate a wide assortment of problems* In addition* 
to determining the most effective way to change ays tent behavior, the 
use of simulation to find a more cost-effective way of producing the 
same system behavior should not be overlooked. In particular, the 
effect of increased computer usage on cost and service levels can 
be explored. * 

Simulation can also provide valuable inputs to the policy devel- 
opment process, particularly in the area of budget estimates. The 
cost of policy decisions can be evaluated before implementation. 
This use has the added advantage of forcing fairly detailed planning 
of the changes required before possibly expensive implementation 
programs are begun/ Simulation is the most cost-effective way of 
providing these evaluation* . 

Chapter 4 illustrated how a simulation can be used by a local 

office manager or planner. Before any further work is attempted, 

it would be desirable to identify a group of office managers % 

■ <f 

willing to use the simulation tool. The simulation should be 
'modified to fit the circumstances of their offices; and the cost of 
adapting the model to each office* the use the managers make Of it, 
/and the benefits accruing from it should be recorded. 

However, implementing « model requires more than just turning 
over computer programs to a user. It requires interaction between 
systems analysts and users to identify problems, train users, and 
interact with solutions. 
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Example Simulation Output 
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TABLE A-l. INPUT REPORT 

ru« 5 



■ mtoT report,- 



UIITU RATES 



1)001 
8 

10 

11 

12 
1 
2 



HEW APPS 
REAM 
V824 
1.749 
0.^26 
t.348 
1.9*0 
1.500 
4.350* 
1.532 



OLD APPS 
MERIT 
0.949 
0.8*0 
0.553 
1.025 
1 .577 
1.160 
1.406 
1.720 
*>72* 



JOB 

prom 

/ o.o 

0.0 
0.0 
0.0 
0.0 
0.0 
. 0.0 
0.0 



ORDER 

TO 

^ 20.000* 
20.000 
20.000 
20.000 
20.000 
20.000 
20.000 
20.000 

.=20. 000- 



c 



ROD* 
8 

9 

10 
11 
12 
1 
2 
3 

' * 



• ACTIUT* D0RATIORS 

0ISCOS5XOWS J0 » 

ESP. 6ff. SOCCESSPOt 

PROM to PROM TO 

0.0 *19.200 11.600 32.000 

0.0 19.200 11.600 32.000 

0.0 19.200 * 11.600 32.000 

0.0 19.200 11.600 32.000 

0.0 19.200 11.600 32.00k 

0.0, 19.200 11.600 32.000 

0.0 19.200 1-1.600 32.000 

0.0 19.200 11.600 32.000 

0.0 19.200 11.600 32.000 



RECEP 
HEAR 
0.300 
0.300 
0.300 
0.30O 
0.300 
0.300 
0.300 
0.300 
0.300 



SEARCH 

ORSOCCBSSm 



PR0H 

15.606 
15.600 
15.600 
15.600 
15.600 
15.600 
15.600 
15.600 
15.600 



TO 
26.700 
26.700 
26.700 
26.700 
26.700 
26.700 
26.700 
26.700 
26'.700 



» 

9 
10 
11 
12 
1 
2 
3 
* 



TEEHXRjfc 
RECEPTIONIST f 



PR OH 
0.250 
0.250 
0.250 
0.250 
0.250 
0.250 
0.2M 
0.250 
0.250 



TO 
0.750 
0.750 
0.750 
0.750 
0.750 
0.750 
0.750 
0.750 
0.750 



ACTItITT OORATIORS 
03E , JOBOHDER 

EHP. OPP. 

PROH TO fROH 

0.500 2.500 0.0 

0.500 2.500 0.0 

0.500' 2.500 0.0 

0.500 2.500 0.0 

0.500 2.500 0.0 

0.500 2.500 0.0 

0.500 2.500 0.0 

0.500 2.500 0.0 

0.500 2.500 0.0 



MISC. TASK 



TO 


PROH 


TO 


4.000 


1.000 


1.000 


1.000 


1.000 


1.000 


4.000 


1 .000 


1.000 


4.000 


1.000 


1.000 


4.000 


1.000 


1.000 


4.000 


1.000 


1 1.000 


4.000 


1.000 


1.000 


4.000 


1*000 


1,000 


4.000 


• 1.000 


1.000 



CAPACITIES 
MOOR RICEP EttPOF TERM 

* K 
10 

11 

12 

1 

2 

3 

4 



2 


13 


4 


2 


15 . 


4 


3 


20 


4 


2 


20 


4 


1 


15 


4 


2 


17. 


4 


1 


17 


4 


1 • 


12 


4 


1 


6 


4 
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• TABLE A-2. APPLTCANT S 
f ItUN 5 



* AFPLICAITS » 

AftLICAiTS XI SYSTEM AifUCAM* TIME SPENT XV SISTM 

tihi class ititfits firw m auugi doii him hat* him std div 

•3*316 -20.028 10.5** 

IH, 256 32.282 5.111 

43.316 14.060 6.029 

T6.01M 18.628 5.271 

45.171 '.2.57* 11.042 

41.705 32.936 5.797 

45*471 16.625 10.410 

26.-422 17.548 3.710 

45.684 21.846 10.953 

40.908 32.369. 5.371 

45.684 15.794 10.375 

24.855 19.478 4.945 

55.204 28.202 12.201 

48.105 38.V84 5.859 

55.204 23.132 11.601 

26.075 16.605 4.661 

49.260 26.172 11.833 

48.457 36.101 5,794 

49.260 18.862 10.239 

25.682 17.909 5.648 

48.493 20.444 11.098 

46.352 30.371 5.953 

48.493 16.281 11.360 

24.038 19.033 4.273 

53.563 29.787 11.499 

53.563 40.325 5.851 

50.167 24.605 10.187 

24.468 2Q.947 3^.863 

44.526 26.336 11.245 

44.528 34.607 6.050 

44.445 18.096 11.339 

25.626 19.514 3.730 
V 

47.510 28.421 12.136 

47.510 37.478 6.106 

39.922 18.832 10.088 

26.167 17.840 6.223 

55.204 24.759 til (59 

53.563 35.273 6.437 

55.204 18.627 10.965 

26.422 18.536 4.663 



A- 4 




•7 


o 


41 


29. 1 08 


66 


2.732 




III* 


37 


0 


23 


14.316 


* 19 


'■ 24.464 




OLD 


43 


* 0 


14 


10.360 


37 


\ 2*732 




OTH 


17 


. 0 


8 


4.432 


10 


\l.767i 


9-10 




86 


25 


44 


33.071 


82 


2.665 




wit 


24 


11 


20 


16.071 


29 


24.076 




old 


47 


4 


21 


12.695 


37 


2.685 






15 


2 


7 


4.306 


16 ' 


12.800 


10—11 






32 


66 


45 ,808 


112 


1.811 




III 


58 


10 


37 


25.170 


36 


20.990 




OLD 


59 


8 


25 


13.248 


* 54 


,1.811 




of it 

win 


23 


4 


12 


7.390 


22 


11.250 






Oft 


JO 


o 


51 .643 

•J 1 . O 7 


113 

\ 1 J 


7. 609 




■ It 


31 


19 


35 


27.110 


45 


26.237 


-* - 


OLD 


44 


12 


25 


20.111 


52 


7.009 




OTR 


15 


2 


7 


4.471 


16 


11.423 


12* 1 


if f 


fi2 


20 


41 


26.831 


79 


5.446 






21 


6 


22 


13.849 


34 


25.647 


* 


OLD 


33 


6 


17 


10*734 


36 


5.446 




OTH 


Q 


0 


6 


2.247 


9 


11. 148 


1 m 2 

| mm £ 


iff 
ALL 




21 




32.638 


79 


2. 524 




lit 


35 


6 


24 


15.768 


21 


23.254 




OLD 


55 


5 


24 


13.636 


46 


2.524 




OTH 


9 


0 


6 


3.214 


12 


11.950 


2- 3 


ALL 


63 


25 


46 


35.619 


80 


7.183 




WEI 


17 


8 


24 


15.124 


28 


29.351 




OLD 


36 


10 


25 


17*414* 


45 


7*183 




OfH 


10 


1 


5 


3.061 


7 


16.317 


3- 4 


ALL 


63 


22 


31 


26.981 


60 


3.921 




HIV 


38 


11 


24 


18*995 


29 


23.557 




OLD 


15 


1 


10 


4.276 


20 


„ 3*921 




OTH 


10 


1 


5 


3.710 


11 


* 12.090 


4-5 


ALL 


26 


8 


30 


15.307 


44 






nw 


8 


4 


20 


'9.599 


23 


X26.862 




OLD 


13 


1 


7 


4.305 


14 


6.292 




0TI * 


5 


0 


4 


1.402 


7 


11.200 


6-5 


ALL 


726 


0 


66 


33.006 


715 


11.200 


8-5 


IB* 


269 


0 


37 


17.336 


264 


20.990 


8-5 


OLD 


345 


0 


25 


11.864 


341 


1.811 


6-5 


OTH 


112 


0 


12 


3.806 


110 


11.148 



62 



TABLE A-3. RECEPTIONIST FACILITY 
RUN 5 



• EECEPTIOWIST * 
FACILITY 



WAFF 
TIH1 LETEL 

s- 9 ; 



9-10 



10-11 



11-12 



12- 1 



ACTIVITY 

IBCEPTIOW 
EWCOOW.TBR 
TERR WATT 
COHPOTM 

BI9C. 

nn SOB-TOT At 

EECBPTIOW 
EWCOOWTEE 
TEEM WAIT 
COHPOTEt 

RISC. 

m SOB-TOTAL 

■ECEFTIOW 
EWCOOWTEt 
TERH WAIT 
COHPOTE^ 

HXSG . 

he sob-totai 

^Teceptiow- 
ekcoowtep . 

TEFH WAIT 
COHPOTEt 
HISC. 

HE SOB-TOTAL 

<» 

BECEPTIOW 
EMCOOWTE* 
TEEH WAIT 
COHPOTfct 

HISC* 

HE SOB-TOTAL 



ATG .STATE 
OTILIZATIOK 

o.nao 

0.291 
0.012 
0. 177 
0.520 
1.000 

0.562 
0*364 
0.010 u 
0.189 
0.438 
1 .000 

0.453 
0.254 
0.044 
0.155 
0.547 
1.000 

0.573 
0.326 
0.069 
0.176 
6.427 
1.000 

0.665 
0.352 . 
6.047 
0.266 
0.335 
1,000 



WO. OF TRANSACTION 



AVG 


WAX 


TOTAL 


MEAN 


0.960 


/, 


69 


0.644 


0.582 


2 


105 


0.327 


0.024 


1 


6 


0,243 


0.354 


2 


43 


0.494 


1,124 


2 


92 


0.629 


0.727 


2 


117 


0.378 


O.020 


1 


6 


0,199 


0.377 


2 


47 


0.481 


t 

1,358 


3 


109 


0.575 


0.762 


3 


167 


0.274 


0.131 


2 


20 


0.393 


0.465 


2 


59 


0.472 



TIHE PER TEA WSACTION 
STD OE? 



0.455 
0,338 
0.145 
0.148 



1.147 


2 


99 


0.653 


2 


131 


0.138 


2 


14 


0.356 


2 


43 



0,665 


2 


62 


0.352 


1 


82 


0.047 


1 


5 


0.266 


1 


33 



0,604 
0. 298 
0.590 
0.496 



0*560 
0.258 
0.564 
0.481 



0.504' 
0.420 
0-.183 
0.155 



0.480 
4.293 
0.305 
0,147 



0.555 
0.322 
0.327 
0.167 



0.425 
0'. 249 
0.431 
0.132 



63 



•r 



7oV 



TABLE A-3. Continued 









aiiaiiiiivtii 


saa ! 














* 


- HCIPTIOBIST * 
















* FACILITY 


a \ 








j 








MMsaasam. sa- 


mmm 


• 










staff 




lt V6 St API' 


KO. OF TBABSACTIO* 


TXHB PBX TRAHSACTIOH 


¥1 HI 




ACTIFITT 


OTILIXATIOH 


ATG 


WAX 


TOTAL 


HI AM 


STD DBF 


1- 2 


2 


1BCBPTI0H 


0.592 


1.184 


2 


93 


0.669 


0.437 






liCOOWTBI 


0.331 


0.662 * 


2 


128 


0. 310 


0.265 






TIRM WAIT* 


0.023 


0.045 


2 


9 


0.302 


0.196 






COHFDTI 1 

vunr vii si 


0.238 


0.477 


2 


56 


0.513 


0.151 






HXSC • 


0.408 
















HH SOB-TOT AL 


1.000 










i' 


2- 3 


1 


105CBPTI0* 


0*788 


0.788 


1 


65 


0.660 


0.535 






IKCOOHTlf 


0.422 


0.422 


1 


82 


0.309 


0*247 






tflH MI* 


0.056 


0.056 


1 


4 


0^845 


0.405 






CO HP DTK t 

ww II ■ w m mm w% 


0.309 


0.309 


1 


36 


0.516 


0.156 




RISC* 


0.212 ' 


* 












IK SOB-TOTAL 


1 .000 












3- 4 


1 


■ICEPTIOW 


0.527 


0.527 


1 


53 


0.4 01 


0.335 




* 


IHCOOMTI* 


0.399 




1 


90 


0.266 


0.244 






JT1*H WAT* 


0.6 


0.0 


0 


* 0 


0.0 


0.0 






COMPUTE! 


0.128 


0.128 


1 


15 


0.513 


0.142 








0.473 
















■H *D B«-T Of IL 


1 • 000 












4- 5 


1 


IvrvpTTftM 


0.260 


0.260 


1 


28 


0.497 


0.350 






XMCO0HTB1 


0.139 


0.139 


1 


37 


0.227 


0.186 






TEHn WAIT 


0.0 


0.0 


0 


0 


0.0 


0.0 






COHPUTEB 


.0.121 


0.121 


1 


13 


P. 557 


0.092 






DISC* 


-0.740 
















Ml SOB-TOTAL 


1.000 












8-5 




BECBPTIO* 


0.545 


0.890 


3 


670 


0.597 


0.476 






BHCO0«TB» 


0.320 


0.522 


3 


939 


. 0.300 


0.304 


8-5 




TBPH »AIT 


0.029 


0.051 


2 


64 


* 0.433 * 


a 0.329 


8-5 




COHPOTER 


0. 196 


0.317 


2 


345 


0.496 


0.14*9 






RI9C. 


0.455 








[i 












• 








' «. 


a-5 


1.87* 


— TOTAL- — 

• 


1.000 * 


V* 




• 


a 
u 

M 
















a 







TABLE A-4. RECEPTIONIST QUEUE 
RUN 5 



m iECIftlOWIS* QOEU-E 



« — gotot cohtihts — 

TIHE EHTRIE5 RHTRIES* HIM ftlk* 



8- 9 

10- 11 

11- 12 

12- 1 

1- 2 

2- 3 

3- * 

4- 5 

8-5 



106 
116 
167 
132 
81 
128 
82 
91 
36 

939 



40 
48 
45 
57 
44 
67 
62 
47 
12 

422 



0 
0 
0 
0 
0 
0 
0 
0 
0 




now 

0 
0 
0 
0 

1 

0 
0 

1 

0 



12 



0.647 



ERTRXBS* IRCLUDES OUtl HOH-ZERO QUEUE TIHE5 



TIRE 

8- 9 

9- 10 

10- 11 

11- 12 

12- 1 

1- 2 

2- 3 

3- * 

4- 5 

8-5 



HIV 
0.015 
0.0*1 
0,007 
0.009 
0.015 
0.040 
0.018 
0.057 
0.167 



QOEOE WAITING TIHE5 



ZEPO-* ZERO-* 



66 
68 
122 
75 
37 
61 
20 
44 
24 



0.001 517 



82.26 
58.62 
73.05 
56.82 
45.68 
47.66 
24.39 
48.35 
66.67 

0.0 



H AX 
1.738 
1.866 
*.760 
2.508 
3.447 
1.060 
5*030 
1.J570 
0.793 



HE** 

0.236 
0.154 
0.184 
4.398 
0.629 
0.272 
1.225 
0.364 
0.111 



STD DEt 
0.430 
0.334 
0.429 
0.659 
0.929 
0,344 
1.370 
0.496 
0.192 



5.030 0.372 0.701 



Hi AH* 
0.625 
0.37 3 
0.682 
0.921 
1.157 
0.519 
1.621 
0.705 
0.333 

0.828 



STD DET* 
0.498 
0.435 
0.590 
0.724 
0.969 
•0.311 
1.357 
0.486 
0.191 

0.847 



HE AH* AHD STD tET* ARE FOR ROR^ZERO TIHES ORtT 



C 



65 



72 



TABLE A-5. EMPLOYMENT OFFICER FACILITY ' 

RUN 5 



««*aaa»>* mMMumrnmrnrnmn 
« IHPLOYHENt OFFICII 
« FACILITY 



STAFF 



ATG STAFF HO* OF TRANSACTION TINE PEN TRANSACTION 



TIM 


LEVEL 


ft ACTIVITY 


UTILISATION 


ATG 


RAX 


TOTAL 


MEAN 


STD DEY 


Y 2 


17 


INTERVIEW 


0.666 


11.656 


17 




10.119 


5.663 


* 




discuss; on 


0.587 


9.980 


16 


68 


8.441 


5.559 






TERN WAIT 


- 0.005 , 


0.085 


2 


19 


0.269 


0.197 






CONFUTE* 


o.o$a 


.1.591 


4 


67 * 


1.427 


0.58% 






JOB ORDER 


0.011 


0.182 


1 


7 


1.828 


1v1«J 






RISC* 


0.304 


5.J162 


12 


311 


1.000 


0/0 1 






HB* SUB-TOTAL- 

»• * 


1#OO0 












2- 3 


17 


INTERVIEW 


0.94 8 


16.123 


17 


73 


13.165 


5.731 






DISCUSSION 


0.820 


13.944 


17 


74 


11.576 


5.699 






TERN WAIT 


0.009 


0.146 


3 


14 


0.605 


0.407 






CON POT BR 


0.120 


2.034 


M 


'!• 


1.652 


0.620 






JOB ORDER 


0.012 


0.203 


1 




2. 296 


1.501 






HXic. 


0.040 


0.673 


^ 5 


38 


1.000 


0.0 






RR S0B**OTAL 


1 .000 













3-4 12 INTERVIEW 0.761 

DISCOSStON 0.656 

TERR WyCT 0.001 

COMPUTER 0. 104 

JOB ORDER 0.016 

RISC. 0.226 

I RR SUB-TOTAL 1 .003 

4^5 8 INTERVIEW 0.865, 

DISCUSSION 0.746 

TURH WAIT 0.001 

. COMPUTER 0.>19 

JOB ORDER 0.024 

RISC. 0.126 

HR SUB-TOTAL 1 .016 



9.126 


12 


4r* 


12.124 


5.263 


7.867 


12 


46 


10.497 
>0.684 


5.470 


0*007 


1 


1 


0.0 


1.252 


4 


R9. 


1.59f 


0.H68 


0.195 


1 


5 


2.481 


0.812 


2.710 


7 


165 


1.000 


0.0 



6.923 
5.966 
0.005 
0.952 
0.195 
1.01O 



12* 
10 

1 

4 

1 



37 
37 
2 
37 
10 
58 



11.799 
10.206- 
0.136 
1.571 
1.168 
1.000 



6.033 
5.958 
0.152 
0.61*3 
1 . 1 37 
0.0 ^ 



8-5 


INTERVIEW 


0.835 


12.772 


20 


605 


11.323 


5*693 


8-5 


DISCUSSION 


0.718 


10.982 


20 


607 


9*738 


5.668 


8-S 


*• TERR WAIT 


0.005 


0.091 


4 


123 


0.400 


0.372 


8-5 


COMPUTER 


0*112 


1.699 


4 


605 


1.516 


/ 0.591 
J 1,187 


8-5 


JOB ORDER 


* 0.014 


0.200 


1 


58 


1.861 


8-5 


c RISC. 


0.154 


2.286 


13 


1232 


1.000 


0*001 



8-5 17.12* —TOTAL— 1.003 

* - AVERAGE STUFF LEVEL IS IN 8-HOUR HAN DAYS 



\ 



73 



66 



TABLE A-*5 Continued 



- BRPLOTHEWT OrrtCM « 
m PACltlft * 



Stab* 

il«r IITIL ICTIflTT 

8- 9 13 IWTBBBIBW 

DISCOSSICW 
TBBH WAIT 
COHPOTEB ^ 
JOB OB DEI 
HI SC. 

MR SOB-TOT it 

§•10 15 IWTBBTIBW 

DISCOSSICW 
TBBH WAIT 
COHPOTEB 
JOB OK DEI 
RISC. 

IB SOB-TOTAt 

10- 11 20 IWTEItlEW 

_ DISCUSS I OM 

* . * TBBH WAIT 
COHPOTBB 
JOB OIDEI 
BI9C. 

nn SOB-TOTAL 

11- 12 20 IWTEBtlEW 

MS COS SIOW 
y ttM BAIT 

COHPOTEB 
JOB OBDBB 
HI SC. 

BB SOB^TOTAL 

12- 1 15 IWTEBTIEW 

DISCOSSICH 
TBBH WAIT 
COHPOTEB 

JOB OBDBB ~S 

HI SC. 

HB SOB-TOTAL 



1TC STAB* 


WO. OF 


TBAW3 ACTIO* 


TIME PIB TBAW$AC?IOB 


OTILIXATIOW. 


AYCr 


WAX 


TOTAL 


HBAW 


3TD DSY 


0.758 


9.853 


11 


56 


4. 996 


5 .561 


0.65* 


8*502 


1 i 


57 

3 / 


o • — — 


5. 603 


0.002 


0. 025 * 


2 


a 

y 


O 1KB 


0 1 20 


* O 102 


1.326 




* 56 


1 M70 


0. 587 


0. 016 


0.209 




ft 


2.09* 


1 .257 


0.226 


2.938 


13 


172 


1.000 


b .o 


1.000 












v i J 


} 

12.800 


1 %\ 

ID 


©O 


10 17H 


5 9 O^v 


0*7*3 


11. 1*1 


1 K 


O f 


Iff 


5 965 

J . 7 O J 


0 ffft 0 
v . vv v 


0. 001 


i 

i 




O 051 


0. 027 


0.110 


1.657 


n 
** 


66 


1 MR 7 


0. 623 


0. 01* 


0.205 


] 


"7 


1.75* 


1 .199 


0.133 


1.996 


11 


12* 


1.000 


0.0 


1.000 












0.76k 
v. 


15.359 


20 


on 


1 ti 1H7 


5 Q51 


0 657 


13.1** 


OA 


on 


ft 711 


'5 ft 21 




0.136 


3 




o n it 




o 1 o 


2 .0H0 




7U 


1 Hfl 


O 602 


0 010 

wiV 1* | 


0.191 


1 
i 




1.*31 


1 .085 


0.222 i 


*.*50 


12 


267 


1.000 


0.0 


1.000 












0.989 


19.783 


20 


97 


11.622 


5.538 


* 0.8*8 


161.967 


20 


96 


9.913 


5.558 


0.01* 


^ 0.280 


3 


36 


0.*67 


0.3 93 


0.127; 


2.535 


* 


97 


1.571 


0*592 


0.011 


0.217 


1 


5 


2.606 


0.719 


0.0 


0.0 


0 


0 


0.0 


0.0 


1.000 












0.88ft „ 


13.323 


20 


70 


12.489 


*.917 


0.755 


11.326 


19 


72 


10.879 


tt.827 


,.0.009 


0.135 


* 


13 


0.623 


0.583 


0.124 


1.861 


* 


70 


1.557 


0.M95 


0.013 


0.202 




5 


2.0*9 


1.573 


d.109 


1.638 


5 


97 


1.000 


0.001 


1.011 













74 



67 



ERIC 



TABLE A-6. INTERVIEW QUEUE 



RUN 5 



• XRTERVIX1 QUOTE * 





















queue coetirts « r - 








TIHI 


ENTRIES XRTRIES* 


RXR 


MAX 


AfERAGE 


80* 


' 8- 9 


62 


62 


0 


5 


1 .180 


0 


f-10 


75 


75 


0 


9 


1.712 


6 


10-11 


95 


95 


0 


13 , 


1.357 


11 


11-12 


97 


97 


1 


19 


8.710 


3 


12- 1 


60 


60 


0 


6 


1.239 


0 


1- 2 


74 


74 


0 


12 


1.210 


10 


2- 3 


68 


68 


0 


15 


6.105 


0 


3- 4 


49 


89 


0 


2 


0.210 


1 


4- 5 


29 


29 


0 


7 


2.159 


0 




609 


609 


0 # 


19 


2.658 





EHTRIES* IECLUDE5 OHM ROE-EERO QUEOE TIMES 



Q0E0E 8AIfXH6 TIME 5 — ?r 



iim 


Hit 


ZERO-* 


XERO-* 


HAX | 


HEAR 


STD DEf 


HEAR* 


STD DEV* 


• 6* 9 


0.002 


0 


0.0 


6. 80? 


1.142 


1. 384 


1.142 


1.384 


9-10 


0.015 


0 


0.0 


5.672 


1.179 


1.480 


1.179 


1.4*60 


10-11 


0.003 


0 


0.0 


3-.400 


0.761 


1.059 


0.781 


1.059 


11-12 


2.176 


0 


0.0 


9.368 


5.576 


2.160 


< 5.576 


2.180 


12- 1 


0.40* 


0 


0.0 


6.922 


1.292 


1.936 


1.292 


1.936 


1- 2 


0.002 


0 


0.0 


8,611 


. 0.662 


1.196 


0.662 


1.196 


2- 3 


P. 006 


0 


0.0 


12.116 


5.712 


3.792 


5.712 


3.792 


3- 8 


0.010 


0 


0.0 


1.63* 


0.256 


0.295 


0.256 


0.295 


8- 5 


0.008 


0 


• 0.0 


14.86* 


4.469 


8.029 


4.469 


4.029 


8-5 


0.002 


0 


0.0 


14.660 


2.353 


2.984 


2.353 


2.984 
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TABLE. A-7. TERMINAL FACILITY 
_ RUN 5 



- Ttiimt - 

■ FACXIITT » 

umnmu 

A Tit AGE RO. OF TRARSACTI0R5 TIHE PE* TRARSACTIOH 



TXHB 


UWITS USERS 


Uf U^pTIOR 


AVG 


HAX 


TOTAL 


HXR 


HAX 


HEAR 


STD DET 




4 


All USER 
EHPOF 
RECEP 
FREE 


0.420 
.0.331 
0.088 
0.5 80 


1 .680 
1.326 
0.354 


4 
4 

2 


99 
56 
43 


0.257 
0.519 
0.257 


^2.464 
2.464 
0.741 


1.017 
1.420 
0.49U 


0.645 
0.587 
0.148 


9-10 


n 


Alt USSR 
EHPOF 
RECEP 
FREE 


0.50J 
0JM* 
0.094 
0.491 


2.034 
1.657 
^0.377 


4 
4 

2 


113 
66 
47 


0.252 
0.506 
0.252 


2.495 
2.495 
0.730 

A 
▼ 


1.069 
1.487 
0.481 


0. 635 
0.623 
0.155 


10-11 


4 


ALL USER 
« IAPOF 
RECEP 
FREE 


0*636 
0.520 
0.116 
0.364 


2.544 
2.080 
0.465 


4 

4 

2 


149 

90 
59 


0.250 
0.500 
0.250 


2.417 
2.417 
0.749 


1.031 
1.398 
0.472 


0.656 
0.602 
0.1U7 


11-12 


4 


ALL USER 
/ EHPOF 
* RECEP 
FREE 


0.723 
0.634 
0.089 
0.277 


2.892 
2.535 
0.356 


4 
4 

2 


mo 

S7 
•3 

* 


0.250 
0.507 
0.250 


2.450 
2.450 
0.729 


1.241 
1.571 
0.496 


0.706 
0.592 
0.167 


1?- 1 


ft 


ALL USER 
EHPOF 
RECEP 
FREE 


0.532 
0.465 
0.066 
- 0V468 


2.127 
1.861 
0.266 


4 
4 

1 


103 
70 
33 


0.253 
0.520 
0.253 


2.365 
2.365 
0.721 


1.212 
1.557 
0.481 


0.653 
0.495 
0.132 


1- 2 




ALL USER 
EHPOF 
RECEP 
FREE 


0.517 
0.398 
0.119 
0.483 


2.068 
1.591 
0.477 


4 
4 

2 


123 
67 
56 


0.252 
0*522 
0.252 


2.490 
2.490 
0.738 


1.011 
1 .427 
0.513 


0.635 
0.584 
0.151 


Z- J 




ALL US^ 
EHPOF 
RECEP 
FREE 


U. 3 OO 

0.506 
0.077 
0.414 


2.034 
0.309 


u 

H 

4 

1 


73 
36 


U . *DJ 

0.507 
0.263 


9 tk Alt 

2.466 
0.736 


1 « £ / U 

1.652 
0.516 


Vl 'fJ 

0.620 
0.156 


3- 4 


4 


ALL" USER 
EfoPOF 
RECEP 
FREE 


0.345 

0.313 
0.032 
0.655 


1.380 
1.252 
0.126 


4 
4 

1 


64 
49 
15 


0.287 
0.577 
0.287 


2.466 
2.486 
0.663 


1.338 
1.591 

O 513 


* 0.690 
0.568 
0.142 


4- 5 


4 


ALL USER 
EHPOF 
RECEP 
FREE 


0.268 
0.238 
0.030 
0.732 


1.073 
0.952 
0.121 


4 • 

4 

1 


50 
37 
13 


0.434 
0.562 
0.434 


2.479 
2. 479 
0.71^ 


l/*308 
/1. 571 
40.557 


0.693 
0.613 
0.092 


8-5 
8-5 
8-5 

8-5 

- * 


4 
4 

4* 
4 


ALL USER 
EHPOF 
RECEP 
FREE 


0.504 
0.425 
0.079 
0.496 


2.016 
1.699 
0.317 


4 
4 

2 


950 
605 
345 


0.250 
0.500 
0.250 


2.495 
2.495 
0.749 


1.146 
J.5J6 
{.496 


0.686 
0.591 
0.1U9 
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TABLE A-8. TERMINAL QUEUE 
RUN 5 



■ tl«ltXlAl QOEOt « 
0OB0E COf HITS — *~ 

05 ibs swmes bbtbibs* mi fUx mutes bob 





AtL HSU 


100 


15 


A 


* 

2 


A Ate* 


ft 






57 


9 


! S 


2 


0.O25 


0 




lidlifr 


43 


6 


0 


1 


0*02* 


0 


1-1 d M.L OSBB 


114 




0 


1 


0* IllSi 

0*021 


0 


• 


BflFOF 


67 


3 


0 * 


1 


6*001 


) 




licit 


47 


6 


6 


1 


0*020 


0 


10-11 


ill Os it 


149 


46 


0 


3 


0.26? 


0 


MFOF 


90 


26 


0 


3 


0.136 


0 




ittctt 


59 


20 


0 


2 


0 • 13 1 


ft 

u 


11-12 


hit 05ER 


140 


50 


* 0 


4 


0« 418 


0 


M#OF 


96 


36 


0 


3 


0*280 


0 




net* 


44 


4 it 

14 


0 


«i 
2 


U j l Jo 


ft 


12- 1 


ALL 05 *« 


105 




o 


M 


fl- 1112 


o 


MFOF 


72 


13 


0 


" 4 


<J*135 


0 




MCE* 


33 


5 


0 


1 


6*0*17 


0 


1- 2 


ALL OSW 


123 


it 


0 


2 


0.130 


0 




EBFOF 


66 


19 


0 


2 


0*065 


0 




KICEF 


55 


9 


0 


2 


0*0*5 


0 


2- 3 


ILL OStB 


109 


16 


0 


3 


0.202 


1 




IHFOF 


73 


14 


0 


3 


0.1*6 


1 




ifccist 


36 


4 


0 


1 


0*056 


0 


3- 4 


ALL OSW 


62 


1 


0 


1 


0.007 


•s 




IHWF 


47 


1 


0 


1 


0*007 




4- 5 


ALL OSBfc 


50 


2 


0 


1 


0.005 


0 




EHFOF 


37 


2 


0 


1 


0*005 


0 


8-5 


ALL 0S-8R 


952 


167 


0 


4 


" 0.142 




6-5 


RHPOF 


607 


123 


0 


4 


0.091 




8-5 


nett 


317 


64 


0 


2 


0. 051 





BITBIM* IBCJL0DB5 OWlt HOB-J5BRO ©OBOE *1HES 



70 



* r 



9 

ERIC 



TABLE A-8. Continued 



tin* 


05BB HIE *BBO-# XlftO* 


HAX 


HEAR 


$TD DEY 


HEAR* 


SXD DET* 


8- 9 


ALL USER 
BHPOF 
IECEP 


0.004 
0.004 
0.035 


85 
48 

37 


85.00 
84.21 
86.05 


0,433 
0.355 
0.433 


0.030 
0.026 
0.034 


0.086 
0.077 
0.099 


0.198 
0. 166 
0.243 


0.131 

0. 120 
0.145 


9-10 


ALL USER 

EHFOF 
- IECEP 


0.005 
0.005 
0.033 


105 
64 
41 


92.11 
95.52 
87.23 


0.506 
0.053 
0.506 


0.011 
0.001 
0.025 


0.059: 
0.006 
0.090 " 


0.140* 
0.021 
„ 0.199 


0.17*1 
0.027 
0.183 


10-11 


all usee 


0.003 


103 


69.13 


1.119 


0.107 


0.219 


0.348 


0.266 




BHPOF 

licit 


0. 004 
0.003 


64 

39 


71 .1 1 
66.10 


0.854 
1.119 


0.091 
0.133 


0.190 
0.256 


0.314 
0.393 


0.236 
0.305 


11-12 


ALL USEE 
BHPOF 
BBCEP 


0.019 
0 • 019 
O.055 


90 

£. A 

60 
30 


64.29 
62. 50 
68.18 


1.494 
1.494 
1.109 


0.179 
0.175 
0.188 


0.329 
0.330 
0.331 


0.501 
> 0.467 
0. 590 


0.377 
0.393 
0.327 


12- 1 


ALL OS EE 
BHPOF 
IECEP 


0.022 
0 . 028 
0.022 


•7 

K A 

59 
28 


82.86 

• It AM 

81 *94 
84.85 


1.652 
1.652 
1.133 


0.104 
0.112 
0.086 


0.315 
0.340 
0.256 


0.607 
0.623 
0.564 


0.533 
0.583 
0*431 


1- 2 


ALL USEE 
BHPOFi 
EECBP 


0.023 
0.023 
0.075 


95 
49 
46 


77.24 
72.06 
83.64 


0.736 
0*736 
0.612 


0.064 
0.075 
0.049 


0.149 
0.159 
0.136 


0.260 
0.269 
0.302 


0.194 
0.197 
0.196 


2- 3 


ALL OS EE 
BHPOF 
EECBP 


0 . 030 
0.030 
0.415 


91 
59 
32 


63.49 
80.82 
86.89 


1.357 
1*357 
1.233 


0.109 
0.116 
0.094 


0.294 
0*296 
0.294 


0.65 8 
0.605 
0.845 


0.) 07 
0.407 
0.405 


3- 4 


ALL USEE* 
EHFOF 
IECEP 


0.684 
0. 664 
0.0 


61 
46 
15 


98.39" 
* 97.87 
100.00 


0.68*1 
0*684 
0.0 


A All 

0.011 
0.015 
0.0 


A A +1 

Of 00/ 

0.100 
0.0 


U . DOH 

0.684 
0.0 


0.0 
0.0 


4- 5 


ALL USEE 
EHFOF 
EECBP 


0.029 
0.029 
0.0 

f • 


48 

35 
13 


96.00 
94.59 
100.00 
* 


0.243 
0.243 
0.0 


0.005 
0.007 
0.0 


0.035 
0.040 
0.0 


0.136 
0.136 
0.0 


0.152 
0.152 
0.0 


8-5 
8-5 
8-5 


ALL USEE 
BHPOF 
RECEP 


i 

0. 003 
O.004 
0*0 


765 
484 
281 


80.36 
79.74 
81.45 


1.652 
1.652 
1.233 


0.081 
0.081 
0.080 


0.227 
0.232 
0.219 


0.411 
0.400 
0.433 


0*358 
0.3T2 
0.3 29 



HEAR* ABD STD DBF* ABE FOR HOB-ZERO TIHE5 OELT 

— — TOTAL QUEUE EAITIRG TIME 
OS EE HOOES * OF AY AIL ABLE TIHE 



ALL OS EE 
EHPOF 
EECBP 



1.281 
0.166 
0.426 



0.843 
0.121 
2.643 
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TABLE A-9. JOB ORDE3 QUEUE 
. RUN 5 

* *■ 

• am oimi of i»i » 



QSB0I COiTMTS — — 



nm iwnts twrni** 


HXR 


MX 


AflllGI 


HOI 


•- f 


c 


( 


0 


1 


0.010 


0 


»-io 


7 


' T 


0 


1 


0.023 


0 


10-11 


• 


$ 


0 


1 


0.040 


0 


11-12 


5 * 


5 


0 


1 


0.02? 


0 


12- 1 


C 




0 


1 


0.023 


0 


1- 2 


$ 




0 


1 


0.016 


• 0 


2- 3 


f 




0 


1 


0.050 


0 


3- » 


* 




0 


1 


0.023 


0 


I* 5 . 


10 


10 


0 


% 


0.H32 


1 


i-j 


58 


SI 


0 


1 


0 

O.07S 





BIT1XIS* IHCL90KS OAT H08-XJEXO QOI0I TIfltS 



TIKI 

~£l0 
10*11 

11- 12 

12- 1 

1- 2 

2- 3 

3- * 
*- 5 

8-5 



0.039 
0.032 
0*035 
0.081 
0.151 
0-006 
*0*039 
0.005 
0.0*1 

0.005 



U*0-# *K10~X 



0 
0 
0 
0 
0 
0 
0 
0 
0 



0.0 
0.0 
0.0 
0*0 
0.0 
0,0 
0.0 
0.0 
0.0 

0.0 



MM 
1.000 
0.458 
0*711 
0.717 
0.361 
0.583 
1.132 
0*699 
7.132 



m« 

0.402 
0.197 
0.3.02 
0.322 
0.235 
0.159 
0.504 
0.352 
2.555 



390 01t 
0.106 
0.1*7 
0,280 
0.25* 
0.081 
0.219« 
0**25 
0**00 
2.700 



0«*02 
0.197 
0.302 
0.322 
0.215 
0.159 
0.50* 
0.352 
2.555 



5*0 0E¥* 
0**06 
0.**7 
0.280 
0*25* 
0.081 
0.219 
0.425 

o.*oo 

2.700 



7.832 0.695 1.398 0.693 1.398 



MKAIf* WD STD Oil * Alt FOX W08-XMO TIMS 0Ht#T 
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APPENDIX B 
RANDOM NUMBER GENERATION 

A simulation like the local office simulation must reflect the 
existence of random processes such as the arrival of applicants. In 
a mathematical model of ^^such a process, the time between applicant 
arrivals might be represented with a variable, say T, T would be 
a random variable "with many possible values, each expressing a time 
interval between two successive arrivals. The set of all occurences 
of T, of every interarrival time, is called its population. Probab- 
ility theory and statistics allow the drawing of inferences about a 
population from a randomly chosen subset, or sample, of the pop- 
ulation. 4 

For example, if the result of flipping a coin 10,000 times is 
5020 heads and 4980 tails, we could infer that the probability 
of the next flip beJLng heads is close to 0.502. Suppose, however, 
that the result of flipping a coin five times is four heads and one 
tail. Given only that sample, the best estimate of the probability 
of a head on the next flip is 0.8. However, since the sample size 
is so small, one cannot statistically reject* (with any certainty) the 
hypothesis that the true probability is 0.5. In other words, if the 
sample size Is small, the range of values to which the true value 
of a statistic estimated from the sample can confidently be limited 
is correspondingly large.. 

This same phenomena occurs in the simulation. Samples are 
drawn from many separate populations. The interarrival time "sample 
is the single most important source of error, but many other sources 
of bias in, the system can be traced to small numbers. . 

The method uSed to draw sample values, e.g., interarrival times, 
from larger populations compounds the problem. Given a random number 
between zero and one, a random sample value can-be generated for 
any of the populations used in the simulation. Since a digital com- 
puter is a deterministic device, generating a truly random number can 
be a problem. 

« 
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Techniques for making close approximations of random behavior 
* have been developed, "however. Computet programs which eaii take * 
an initial starting number* a "seed", and generate a nuaiar in the 
interval (0,1) and a new seed are available.- They are called pseudo- 
random number generators or, simply, random number generators. 

By successively Invoking a random number generator, a stream of 
random numbers can be generated. The Stream generated is determin- 
istic in the iertse that given the same initial seed, the random 
ttUiber generator will always reproduce that stream; but if a large 
Stream is generated, i.e., if the sample size is large enough, the 
stream (sample) will display characteristics Very similar to those 
of a population with a uniform distribution in the interval (0,1) 
and will be relatively independent of the initial seed. 

In most cases, however, the nature of this model Causes the 
samples used in the simulation to be relatively small j for example, 
the number of new applicant arrivals in one day is relatively small. 
As a consequence, the arbitrary choice of the random number generator's 
initial seed significantly affects simulation output, i.e., errors in 
the estimates of the parameters will naturally be reflected in the be- 
havior of the simulated system. 

To simplify the presentation of the example in Chapter 4, this 
problem wan ignored; but techniques to overcome this problem are 
available. 

First, the local office day could be simulated several times 
using different initial random number seeds, and an average simulation 
result could then be calculated. This average would be much more 
representative of actual system behavior. 

A second technique, used in conjunction with the first, deals 
with removal of bias in the generation of random numbers. A first 
simulation uses the usual random number ftenerator. Then, without 
Changing the initial seeds, a second simulation uses a modified 
version of the usual random number generator. 

This modified version can be described as follows s if, for a 
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given seed, the usual* random number generatd^lculates a number, 

'say R, (QS&l). the modified version produces the number 1-R. Thus 
If the first random number stream is biased to the low side, the 

•second stream' is biased to the high aide. - When the results are 
averaged, the deviation from the mean is removed. 

- It should be noted, that the effects of taking a small sample 
from a large population will also be exhibited in the true system. 

*The behavior of the local office system will also vary from day to 
day. The fact that the simulation does not show overloading for a 
given resource allocation does not imply that* overloading will 
never occur." Natural variances in system behavior can cause over- 
loading. For example, the average interarrival time on any given 
day may be smaller (i.e. applicants w*ll arrive in larger numbers) 
simply due to the random nature of the process. Such random occur- 
rence, could increase the system load, ^he local office manager 
should keep this in mind when using the simulation to fine tune hi. 
resource allocations. *^ 
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